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100% Operation 
in Venezuela— 


In the Miocene Basin of Trinidad 1,200 square miles of 
territory has produced one-quarter of the oil since 1909, 
with production showing a yearly increase. 


The westward extension of this basin contains, in Vene- 
zuela alone, an area 150 times as large wherein only 
the northern rim has been explored and where several 
large oil fields are already developed. In this potentially 
favored territory oil exploration concessions can be ob- 
tained from the Venezuelan government. 


Seismograph Service Corporation of Delaware, with headquarters in Caracas, is now pre- 
pared to offer in Venezuela a 100% seismograph operation service to its clients. 


This service provides, as far as possible, information and assistance on all matters pertain- 
ing to the acquisition of concessions and to the organization of oil exploration programs. 
It further provides, on a turn-key basis, complete reflection and refraction seismic equip- 
ment, either portable or truck mounted, complete personnel, and in addition all extras. This 
100% Operations Service relieves the client of the task of importing equipment and supplies, of 
setting-up camps, of hiring labor crews, and of various other responsibilities up-to-now asso- 
ciated with seismograph exploration. 


Seismograph Service Corporation of Delaware maintains permanent and complete super- 
visory and interpretational staffs, field crew personnel, and shop and warehouse facilities ... 
everything to outfit and sustain effective seismograph operations under all field conditions. 


Seismograph Service Corporation of Delaware 
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HALOID RECORD 


SEISMOGRAPH RECORDING PAPER 


For consistently fine uniform performance under ad- 
verse conditions of field and laboratory . . . Haloid 
Record is favored by critical geophysicists. Judged on 
actual performance, Haloid Record is noted for its out- 
standing physical characteristics and processing advan- 
tages. This ideal combination of photographic excel- 
lence and abuse-resistance is the reason why Haloid 
Record is preferred for seismograph records. 


THE HALOID CO., 607 Haloid St., Rochester 3, N. Y. 
* * * 
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Find More Oil! Drill More Wells! Buy More Bonds! 


Z/FORT NORMAN 


4 WESTERN CANADA 
MILES 
1944 Printing of the A. A. P. G. Book 
POSSIBLE FUTURE OIL PROVINCES OF 
THE UNITED STATES AND CANADA 
CONTENTS 
Foreword By A. I, Levorsen 
Alaska By Philip S. Smith 
Western Canada By Alberta Society of Petroleum Geologists 
Pacific Coast States By Pacific Section, American Association of Petroleum Geologists 


By Rocky Mountain Association of Petroleum Geologists 


Rocky Mountain Region 
By Tulsa Geological Society 


Northern Mid-Continent States 


West Texas By West Texas Geological Society 
Eastern Canada By Geological Survey of Canada, Quebec Bureau 

of Mines, and Newfoundland Geological Survey 
Eastern United States By Appalachian Geological Society 


Southeastern United States By Mississippi Geological Society 


154 pp., 83 figs. Paper cover. 6 x 9 inches 
Reproduced by photo offset process from original printing of 1941 


PRICE, $1.50, POSTPAID ($1.00 TO MEMBERS AND ASSOCIATES) 
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Find More Oil! Drill More Wells! Buy More Bonds! 


An A. A. P. G. Research Committee Symposium 


PETROLEUM 
DISCOVERY METHODS 


A CROSS SECTION OF 
EXPERT OPINION 


Edited by A. I. LEVORSEN 
1942 


Nearly 200 men, whose business it is to know, replied to the question: 


“Granted the premise of a satisfactory price; thinking 
of the problem from a broad point of view; and con- 
sidering all of the modern techniques of geology, physics, 
chemistry, and engineering, which of the current methods 
or combination of methods, applied to oil exploration, 
do you regard as offering the most promise in main- 
taining an adequate oil and gas discovery rate in the 
foreseeable future? Which of the lesser ideas, techniques, 
or methods do you believe are of most significance and 
of increasing usefulness as guides to oil prospecting? In 
other words, what in your judgment is the best approach 
to the problem of oil and gas discovery ?” 


Whatever the answers, they should be of wide interest and value as being 
the considered opinions of a representative cross-section of independent think- 
ing within our profession, The ideas expressed may well be a guide to much 
of the future exploration and point out to both geologists and executives many 
neglected fields of activity —From the Introduction. 


164 PP. LITHOPRINTED. 8.5 x 11 INCHES. PAPER COVER 
PRICE, $1.00, POSTPAID 
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NETWORK OF 45 DISTRICT OFFICES REFLECTS A DECADE — 
OF PROGRESS AND ACCEPTANCE = 

subst. ial investment in buildings these 
r faith in the future of the oil industry. 
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JELFLAKE—INSURANCE AGAINST LOST CIRCULATION 


Most lost circulation problems are 
effectively solved with Jelflake. This 
organic material has been used suc- 
cessfully to seal many types of for- 
mations. 


When cement slurry or drilling mud, 
in which Jelflake has been mixed, en- 
ters a thief formation, an impervious 
wall builds up on the face of the for- 
mation, permitting neither mud nor 
slurry to pass through it. 


Lost circulation cannot be anticipated 
and usually occurs at most inoppor- 
tune times. Many operators keep 
Jelflake on hand to meet such emer- 
gencies. In all drilling operations, 
Jelflake is considered low-cost insur- 


ance against expensive mud and 
cement losses. 


Jelflake can be secured in all major 
drilling areas through Dowell stations 
or distributors. Write Tulsa office for 
samples and further information. 


DOWELL INCORPORATED 
Executive Office: Midland, Michigan 
General Office: KENNEDY BLDG. 

TULSA 3, OKLAHOMA 

Subsidiary of The Dow Chemical Company 


CHEMICAL SERVICE. 
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A CHALLENGE TO GEOLOGY! 


A. RODGER DENISON? 
Tulsa, Oklahoma 
ABSTRACT 


Geology, ‘The Science of the Earth,” is a study of the earth’s constitution, history, and struc- 
ture as disclosed by the sequence of formations and the evidence of their deformation and alteration. 

Our modern “Machine Age” is made possible by abundant supplies of raw materials with which 
to build machines and an adequate supply of mineral fuels with which to propel the machines. 

War has brought an accelerated rate of use of our known deposits of raw materials and mineral 
fuels. Large quantities of both are being used for the destruction of material things which will call 
for an even greater expenditure of such items to rebuild in peacetime. 

This condition brings a challenge to geology, ““The Science of the Earth.” Can adequate supplies 
of raw materials and mineral fuels be found to meet the need? The burden falls directly on petroleum 
geology to find the needed supplies of petroleum—the most useful, the most universally adaptable 
of all the mineral fuels. 


On the occasion of this, the second wartime conference of petroleum geologists, 
it is well to make a re-examination of the science of geology and its application 
to the art of prospecting for minerals. First, let me give you a definition of the 
science as a background for my later remarks. Geology has been variously de- 
fined, but in its broadest and simplest definition it is “The Science of the Earth.” 
A more comprehensive definition would be as follows: “Geology is the study of 
the earth’s constitution, history and structure as disclosed by the sequence of 
rock formations and the evidence of their deformation and alteration.” 

Such a definition includes the many fields of specialization which have grown 
up with the science. A brief description of some of these is desirable as a further 
foundation for the discussion to follow. One of the most important of these fields 
is stratigraphy, sometimes called historical geology. This has for its province the 
identification of the chronological successions of rocks and their correlation. It 
must rely on paleontology for evidence from fossil remains and on petrology for 
composition, texture, and mineral content in order to establish this succession. 
The earliest work of the geologist was concerned with the correct succession of 
rock formations and it still remains a field of primary concern to all geologists. 


1 Address of the president, twenty-ninth annual meeting of the Association, Dallas, March 22, 
1944. 
2 Chief geologist, Amerada Petroleum Corporation. 
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Both because of the greater value of their contained minerals and the greater 
ease of identification and correlation, sedimentary rocks engage the attention of 
all geologists. The field of specialization which is now called sedimentation is 
rapidly becoming an invaluable aid in stratigraphy. This field has for its study 
the processes and agencies through which layers of sediments are deposited and 
built up into formations. It is commonly true that the proper succession of rocks 
can be established only by reconstructing the environment, agencies, and pro- 
cesses prevalent during the deposition of a particular layer of sediments. 

All rocks undergo change after original formation. This may involve nothing 
more than simple conpaction due to overburden or it may bring such complete 
alteration as to leave little evidence of the original form and character of the 
rock. Physical or dynamical geology is the name commonly applied to the field 
of specialization which seeks to establish agencies and processes which bring 
about these changes. The name physical geology in its proper sense denotes the 
application of the principles and laws of physics and chemistry to the change 
which rocks undergo, both deep in the earth and at the surface. 

In addition to physics and chemistry, whose principles and laws are directly 
applied to problems of geology, numerous other sciences must be used for col- 
lateral aid. For example, botany, zodlogy, and other biological sciences supply 
knowledge of living plants and animals to aid in deciphering the history of or- 
ganic evolution left by fossil remains. Mathematics, particularly geometry and 
trigonometry, enables one to think in the three dimensions required to visualize 
the shape of folded beds. 

And so we arrive at my understanding of geology—‘‘The Science of the Earth”’ 
—that science which makes use of all the other sciences in unravelling the myster- 
ies and complexities of rocks of the earth and in winning from it the minerals 
which are the foundation of civilization and progress on this earth. 

With this view of geology, the conditions of the world to-day constitute the 
greatest challenge the science has ever faced. War brings destruction—-and loss: 
destruction of property, loss of lives. War—modern war—can not be waged with- 
out minerals, minerals in far greater quantities than in peacetimes. War destroys 
minerals—peace makes use of minerals. Consider only one item of destruc- 
tion, the irretrievable loss of ships and their cargoes now lying on the bottom of 
the oceans throughout the world. Peace makes use of minerals in the form of 
energy or machines to make other products useful and usable by mankind. The 
minerals and machines which go to war are for the destruction of man, and the 
things which mankind has produced. It is true that following the war many 
metals now in war machines can be salvaged and returned to peacetime use, but 
what of the minerals and power used to activate these machines-—the oil prod- 
ucts, for example, used to propel the war machines? These products are lost 
forever—they have served only to require the use of other minerals, fuels and 
energy to rebuild what they have torn down. 

At the beginning of this war deposits of all common minerals in North Amer- 
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ica were adequate for many years of peacetime pursuits. After four years of ac- 
celerated war use, there is a rapidly approaching end to the known deposits of 
high-grade iron and aluminum ores—our known and proved oil deposits are being 
used at a far greater rate than new supplies are being found. The challenge to 
the science of geology is—can its application to mineral exploration discover the 
new deposits needed to supply the deficit created by war and provide an ample 
reserve for unhampered progress in peacetime? 

The present age we are proud to regard as the ““Machine Age,” the age dur- 
ing which the output of human energy has been infinitely expanded by the use of 
machines. The development of a “Machine Age” is possible only with an abun- 
dant supply of cheap power and energy which is to-day obtained almost ex- 
clusively from mineral fuels. The most useful, the most universally adaptable of 
all mineral fuels are the liquid and gaseous products of petroleum and natural 
gas. They are the prime energizers of the war machine as they were of many 
peacetime pursuits. Thus, the winning of the war and the rebuilding in peace- 
time to follow are dependent on adequate supplies of petroleum. The challenge 
to geology thus falls heavily on petroleum geology, and, therefore, on us who con- 
stitute the exploration branch of the petroleum industry. 

The rise of the “Machine Age” has clearly been the result of the discovery 
and use of petroleum products. In this “Machine Age” our own United States 
has been and is without question the world leader. This is by no means an acci- 
dent—rather it is the result of an earlier adaptation and a more extensive use of 
liquid mineral fuels. The United States has since 1859 led the world in the pro- 
duction and use of petroleum and its products. At the end of 1943 the United 
States had produced and largely consumed 64 per cent of all petroleum produced 
in the world, although having less than 8 per cent of the world’s population. 

The discovery of adequate supplies of petroleum would have lagged far be- 
hind the needs of this country without the application of geology—‘‘The Science 
of the Earth”—to the problems of petroleum exploration. In truth, then, it can 
be said that the present high state of our industrial development is due to the 
acceptance and use by the petroleum industry of geology. 

The acceptance of geology in the petroleum industry has led to the training 
and use by American companies of more geologists than in all the rest of the world 
combined. These trained men have in turn been sent to foreign countries where 
they have been responsible for finding most of the oil fields of the world. It 
is perhaps not an overstatement to say that fully three-fourths of all the oil 
that has been produced, and that which is now known and proved, was found 
by American geologists. We have, then, in the United States that group of trained 
scientists who, to use a current phrase, have the “know how” to find petroleum, 
it is upon them that to-day’s challenge falls. 

How shall we meet this challenge during the war—during the peace to follow? 
For the duration we must try to do more with less. More than 600 of our mem- 
bers, and perhaps 1,500 geologists of all classes, are in the Armed Forces. We can 
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expect few of them to return to civilian life until the war is over. We can expect 
only a small number of new men to enter the profession. Nearly all college gradu- 
ates in the past two years have gone directly to the Armed Forces. The students 
now registered in geology number less than 200 compared with a peacetime en- 
rollment of 2,500. Until February 15, 1944, no student of geology could be de- 
ferred under Selective Service to continue his studies. Thus, about 2,500 pe- 
troleum geologists are now called on to find each year a greater quantity of 
petroleum than was found by the efforts of more than 3,000 in peacetime. Favor- 
able sites for petroleum prospecting are becoming increasingly hard to find each 
year. There is an unknown but finite number of petroleum deposits—each one 
discovered leaves one less to be found. If there are ten thousand needles in a 
haystack the last thousand will require infinitely more search than the first thou- 
sand. 

This clearly adds up to renewed and redoubled efforts on our part to-day. 
We must constantly add to our knowledge and application of every aid to pros- 
pecting. New areas must be found in which to apply our known and proved 
techniques. Old areas must be re-studied in the light of to-day’s concepts, apply- 
ing the wealth of deductive reasoning accumulated by our experience during the 
past years. Areas which, when previously studied, failed to reveal favorable con- 
ditions for prospecting must be re-examined to determine if new methods of 
prospecting, new knowledge of sedimentation and stratigraphy will make the area 
attractive. 

Lacking sufficient manpower to mine large ‘‘new deposits” of geological in- 
formation, we must dig into the “dump piles” of heretofore discarded geological 
information, and in the light of new ideas and concepts decide which “dump pile”’ 
will yield economic returns under the present world conditions. 

Our search for oil from the first application of the science has been dominated 
by structural thinking. Our work has been largely devoted to finding a trap sealed 
by anticlinal closure, this in spite of the fact that the world’s largest oil fields both 
in size and in total production are not anticlinal accumulations. In fact, one well 
known authority states that less than half the known oil deposits are in true 
structural traps. 

We must constantly increase our knowledge of the relation of oil deposits to 
sediments so that we can direct our thinking toward the finding of oil where 
there is little positive structural evidence, but where sedimentation, stratigraphic 
sequence, and a suitable reservoir rock combine to form a trap for petroleum. 

Geology as applied to petroleum exploration has long since passed from a 
study of that visible on the earth’s surface to that which is under cover and, there- 
fore, is invisible. We are working more and more “in the dark,” a darkness 
lighted only by the occasional beams of light where the earth’s form and struc- 
ture are revealed by information obtained from prospect drilling, and the struc- 
tural configuration and stratigraphy of buried formations revealed by geophysical 
prospecting. 
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Such beams of light do not find oil fields; the conditions they reveal must be 
correlated and translated into earth history. The more adequate the data avail- 
able, the more completely can the history be written. Unfortunately, the complete 
earth history having a bearing on an individual oil deposit is never known. The 
approach is made as the field is completely drilled up. We are, then, called upon 
to write the synopsis of a book in which many pages are missing. Our task is to 
select the most reasonable assumptions which will bridge the gap caused by these 
missing pages. 

By far the great majority of all men who have ever worked in petroleum geol- 
ogy are still in the profession—so young is the application of the science. The 
backlog of experience represented by this group of men is the greatest asset in 
accepting the challenge to find additional oil supplies. We must now call on this 
accumulated experience to apply the knowledge required in the more intensive 
search called for to-day. 

With the coming of peace our plans and programs must undergo great ex- 
_ pansion and definite alteration. Then, we will have added manpower, with the 
return of those formerly in the industry, and we will have, after a short time, a 
large number of new recruits from our colleges and universities. This enlarged 
staff will be put to work on an accelerated program of exploration. Many types 
of research suspended or diverted during the war can be resumed and new work 
started. The vast array of unsolved problems accumulated during the shortage 
of manpower will be studied and solved. In this way the missing pages in earth 
history will be rapidly added at an ever increasing rate. 

This accumulation of knowledge will not be confined to the United States or 
even to the western hemisphere. Vast areas of the worid remain where earth 
history virtually is unknown and where the surface itself has not been examined. 
From the great American reservoir of “know how” in petroleum exploration will 
flow the men, equipment, and material with which to find the deposits of petro- 
leum needed in ever increasing quantities to continue our ‘““Machine Age” econ- 
omy and extend its benefits to other parts of the world. : 
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PALEONTOLOGY, PETROLEUM, AND THE SEARCH FOR OIL! 


J. HARLAN JOHNSON? 
Golden, Colorado 


ABSTRACT 


All of us, geologists, geophysicists, or paleontologists, are endeavoring to help win the war by 
finding new supplies of petroleum. Our task is difficult because in the United States all the easily 
discovered simple structural accumulations have been found. This paper briefly reviews the field of 
paleontology as utilized by the oil industry, and the relation of paleontology to petroleum geology 
and geophysics. 

The type of geological problems facing industry in its search for new oil is discussed. To solve 
these problems much research is needed and a thorough coérdination of all personnel, geological, 
geophysical, and paleontological, into a smooth-working team. The problems of the future are too 
large and too complicated to be solved by individuals or single methods of attack. 


INTRODUCTION 


Our country is now engaged in a great war. All of us, whether we are company 
geologists and paleontologists, geophysicists, consulting geologists, or members 
of educational institutions, State surveys or other organizations, share in one big 
job: to help win that war. Our specific job is to do all we can to aid in the dis- 
covery of new supplies of petroleum to replace the great amounts used by the 
machines of war and to do it as speedily, efficiently and economically as possible. 

To achieve this we must have a better codperation of all groups involved so 
as to work as a unified team. Such codperation will be assisted if each group has 
a general understanding of the work, outlook, and problems of the other groups. 
With this in view I have attempted to give such an outline of paleontology as re- 
lated to petroleum geology and its relationship to the work of the petroleum 
geologist and geophysicist. 


PALEONTOLOGY: WHAT IS IT? 


Paleontology is the study of fossils, which are defined as the remains or traces 
of organisms that lived in previous geologic periods. 

Fossils are of use in showing the life of the past and illustrating the trends of 
evolution and development. They are of great use in the correlation of strata and 
can give considerable information on environment. Some marine invertebrates 
inform as to temperature, salinity, depth of water, character of bottom, et cetera, 
while some land plants indicate temperature, moisture, and similar factors. Thus, 
a look at the fossil flora of the Laramie formation west of Denver, with its large 
palm fronds and abundant fig leaves, tells of a climate vastly different from the 
present one in that region, a climate having mild winters, and much greater pre- 


1 Address of the president of the Society of Economic Paleontologists and Mineralogists before the 
joint annual meeting of the American Association of Petroleum Geologists, the Society of Economic 
Paleontologists and Mineralogists, and the Society of Exploration Geophysicists at Dallas, March 22, 
1944. 

2 Department of Geology, Colorado School of Mines. 
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cipitation. These fossils also suggest a considerably lower elevation. Thus, they 
greatly assist in picturing and interpreting geologic history. To the petroleum 
geologist fossils have become most useful for correlation and interpretation of 
depositional facies. 

The use of fossils for correlation of strata with regard to age was the first, and 
is still the important, utilization. Some of our geologists remember that all wide- 
spread basic correlations, such as the division of the stratigraphic sequence into 
systems and the tracing of these systems from continent to continent, were made 
on the basis of fossils. The systems are worldwide. Formations and smaller strati- 
graphic subdivisions are of small geographical extent covering at most only part 
of a continent. They are based on lithology but are correlated one with another 
largely by fossils. 

OIL-COMPANY PALEONTOLOGY 

During the last four years interesting papers by Croneis (1941), Driver 
(1943), Howe (1943) and Schenck (1940 and 1943) have appeared describing the 
application of paleontology by the oil companies. Here it is only necessary to say 
that nearly all of the oil-company paleontology has been for correlation. Most 
of the work is accomplished in the laboratory, and only a small proportion in the 
field. In certain areas, as along the Gulf Coast and in California, an enormous 
amount of careful detailed work has resulted in refined correlations over wide 
areas and has yielded information which illuminates and clarifies many points 
of regional geological history and local environments with their reflected faunas 
and facies of deposition. Indeed, it appears that in places the geology is far better 
known for the subsurface than for the surface. It should be pointed out that most 
of the detailed work was expended in routine procedure connected with the de- 
velopment of known productive areas. Only a small proportion of it could be 
classed as exploratory in the search for new fields. 


PETROLEUM: ORIGIN AND OCCURRENCE 


There has been considerable discussion on the origin of petroleum but at 
present little is actually known about the processes by which it is formed. Yet 
practically all students of the subject are basically agreed that it is formed from 
organic constituents. In all probability it can be formed from the remains of a 
number of different types of organisms, animal or plant or both. It might be noted 
in passing that a study of these organisms lies in the field of paleontology and 
micro-biology. 

The average oil man does not care greatly how oil was formed but is highly 
interested in where it may be found. To date, this has been the main concern of 
the petroleum geologist. The subjects of source beds, reservoir rocks, and traps 
practically comprise the field of oil geology, with the emphasis on the traps. This 
limited concept is unfortunate, as the petroleum geology of the future will require 
a broader outlook and a vastly greater knowledge of modern and historic pro- 
cesses. 
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SEARCH FOR OIL 


In the early days structural traps were the goal, being the simplest and easiest 
to locate. Originally a geologist with a plane table, then with core drills, later a 
geophysicist, would map the structure. If the map showed sufficient closure the 
structure was usually drilled and the most the paleontologist was asked to 
do was to correlate the producing formations. However, structural traps have 
been minimized by thorough exploitation. The search is now for stratigraphic 
traps which usually involve a rather complex stratigraphy whether as a result 
of unconformity and overlap, or from lenticular beds, or reef limestones with their 
varied associated depositional facies. Here the paleontologist can assist. The com- 
plex and rapidly changing lithologic character presents correlation difficulties 
which are best solved by a study of the contained faunas and by detailed petro- 
logical investigations. The depositional facies is a result of the environment at 
the time of deposition and gave the ecological conditions for an organic assem- 
blage or fauna which differed from that where a different lithologic facies was 
being deposited near by. In recent years I have spent much time studying the 
environment of reef deposits and have been impressed by the abrupt changes in 
facies and faunas whieh may take place in short distances. In such areas the field 
geologist is too often baffled by the varied and rapid lithologic changes. Paleon- 
tology usually supplies the solution to the puzzle. 


OBJECTIONS, QUESTIONS, ANSWERS 


“But,” objects a friend, “why should I go to all the trouble of collecting and 
studying fossils? In my field we use electric well logging.” Very true, electrical logs 
are usually a speedy and accurate way of mapping subsurface lithologic units. 
In a given field that works very well. But how were the correlations made on the 
first well which was used as a standard, and what would our friend do if he were 
transferred to a wildcat well in anew country? Electric logging affords a speedy 
and accurate method of study after the preliminary stratigraphic and paleonto- 
logic work has been done, but it can not give time correlations. 

Another friend suggests, “But I use a reflection seismograph. It is much sim- 
pler.” In many places geophysics provides an ideal tool particularly to work out 
structure beneath an unconformity, flood-plain deposit, or glacial débris. How- 
ever, geophysics has been successful only to the extent that geological knowledge 
has been used in interpreting its results and part of the geological knowledge is 
paleontological. 

It must be admitted that paleontology can not be used in every locality. A 
paleontologist must have fossils and there are unfossiliferous formations and even 
large regions where fossils are absent or very scarce. For example, in the Meso- 
zoic section of the northern Rocky Mountain region, most companies have at- 
tempted to use the standard paleontological methods for making their correlations 
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but have found fossils so scarce and so poorly preserved that they have been 
obliged to use other methods, particularly micro-petrology, electric and gamma- 
ray logging. These techniques have worked more or less satisfactorily in single 
fields but there is still considerable uncertainty and discussion as to the correla- 
tion between widely spaced fields and the exact location of certain stratigraphic 
horizons. 


PRESENT AND FUTURE PETROLEUM GEOLOGY 


The petroleum industry now has a grave problem to solve. It is entering the 
period of diminishing returns. Not only is oil being produced faster than new oil is 
being discovered but the discovery costs are increasing: each new oil field found 
will cost more than its predecessor. The needs of war are merely accelerating the 
rate of depletion and reducing the time available for solving the problem. 

The solution is far from simple. It will involve economic readjustments to 
take care of increased costs and development of new exploratory techniques. The 
responsibility for the latter lies with us. For all of us it will involve: (1) thinking 
on a wider, bolder scale, (2) placing greater emphasis on discovery, (3) an over- 
hauling of our procedures, (4) a broader knowledge, (5) much research, and 
(6) closer integration and codperation of all groups. 


NEW THINKING 


Last year, Levorsen (1943) made a plea for a new type of discovery thinking. 
I earnestly reiterate that plea. If we are to extend discoveries to the point neces- 
sary to solve our problem we must develop a new and much broader outlook, 
and unfettered by precedent must think on a broader, deeper, bolder scale than 
ever before. Thinking must be on a regional scale, not merely wide enough to 
cover a block of leases and the structure they include; deep enough to reach the 
basement, not merely the surface and the first three to five thousand feet; clear 
enough to see all the possible variations of structure and stratigraphy; and bold 
enough to recommend and undertake the great expenditures of labor and money 
necessary to work out and test the potential possibilities. 


GREATER EMPHASIS ON DISCOVERY GEOLOGY 


A comparative study of the expenditures of oil companies operating in the 
United States for exploration as regards (a) percentage of the total expenditures 
which are devoted to exploration and (b) percentage of exploratory funds spent 
on geology would probably give results which would surprise not only geologists 
but most men interested in the oil industry. Levorsen (1943, p. 915) brought up 
the point last year. 

. .. The modern geological department spends only a relatively small part of its time 


in searching for new oil fields and by far the major effort—probably fully 90 per cent—on 
routine connected with production and development problems in fields which have al- 
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ready been discovered, and on routine clerical and administrative work. The amount of 
money spent directly by the geological department in search for new oil and gas fields 
. . . is thus only an average of one-tenth of the 30 percent, or 3 percent of the amount spent 
by the geophysical department, when these two departments are considered separately. 


Results show that this is not enough. In this country we are using oil faster 
than we are finding it. Greater emphasis must be put on discovery. This involves 
greater expenditure and vastly more work. To discover new fields will require 
much more careful detailed work and broader knowledge than has been applied 


before. 
OVERHAULING OF PROCEDURES 


This subject was ably covered by Levorsen (1942 and 1943). I repeat, it is 
still necessary. Although few new procedures have been invented, there are some 
refinements and specializations we can add: greater care, more detailed observa- 
tion and study. In place of stratigraphy we will substitute sedimentation, facies 
gradation and diagenesis of sediments. In place of paleontology we must con- 
sider faunas and floras, paleoecology, relation of fauna to depositional facies, 
and broaden our work to include the use of groups of fossils previously largely 
ignored such as bryozoa, starfish, holothurians, and calcareous algae. 


BROADER KNOWLEDGE 


All this requires greater knowledge. The time was when a field geologist could 
get by with only the ability to use a plane table and recognize different kinds of 
rocks. Now he should not only know a great deal about geology but should know 
at least the basic principles of geophysics and have a general idea of paleontology 
and the principles of sedimentation. A paleontologist formerly needed to know 
much more about biology than geology but the petroleum paleontologist of the 
future will have to have additional knowledge in the fields of ecology, paleoecol- 
ogy, and sedimentation as well as of geology and the problems of the geologist. 

As an example, consider limestone reefs. I became interested in them and their 
formation years ago. They are of interest to the oil geologist since some are pro- 
ductive and we have limestone-reef oil fields. To date, they have been discovered 
largely by accident. Recently there has been considerable comment and discus- 
sion on the general subject of limestone reefs and their réle in the accumulation 
of oil and gas. Yet, except for areas in West Texas, New Mexico, and Michigan, 
practically nothing is known about them. A real study of the problem would in- 
clude among other things: (1) the character and structure of modern reefs; (2) lo- 
cation of reefs with reference to regional structure and shore lines; (3) reef-building 
and associated organisms (these supply the limestone and possibly the oil); (4) 
depositional facies at and surrounding the reef; (5) ecological conditions of forma- 
tion; and (6) alteration after deposition. How many geologists or paleontologists 
are there capable of making such a study without having to spend considerable 
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time acquiring necessary basic information? Very few of them have even seen a 
modern reef. Few of the paleontologists are acquainted with reef-building organ- 
isms, particularly the algae. Yet such a study is only one of many which will have 
to be made. 

RESEARCH 


A large and steadily increasing amount of research will be required to provide 
the knowledge and information needed for the work of the future. There is sur- 
prisingly little known on the conditions of deposition of various sediments and 
of the ecology of marine organisms. Especially needed at present are broad re- 
gional studies made in great detail, combining the stratigraphy, paleontology, 
paleoecology, facies of sedimentation, faunas and floras, and geologic history. 

Theoretically such studies should be made by governmental agencies such as 
the United States Geological Survey and the various State surveys as they are 
most likely to be able to provide the continuity, time, variety of specialists, and 
scientific background. A few such projects have been planned and some are in 
process of execution, but in general those organizations have either not had the 
foresight or have been unable to get the funds to develop such projects. Such 
projects would do far more to assist oil discovery than the many reports on oil 
fields which are largely compiled from oil-company data and usually appear after 
the field is well developed. 

In recent years there has been a growing realization of the need for research 
among educational institutions, State surveys, some governmental bureaus, and 
the oil companies; the future will undoubtedly see real progress in research par- 
ticularly on long-term projects. 


CLOSER INTEGRATION AND COOPERATION 


The foregoing discussion outlines our combined field and problem and points 
out the necessity of closer integration of all types of work: geological, geophysical, 
and paleontological, and codperation between them. At school I frequently hear 
the students arguing on the relative merits of the geologist, paleontologist, geo- 
physicist, and production engineer but for the petroleum industry the day for 
such arguments has passed. Each is to be recognized as a specialist but each is 
only a unit member of a team in which each individual plans and coérdinates his 
activities to attain a definite common goal without regard to individual glory or 
credit. 

This week our organizations are meeting here to pool our knowledge, ideas, 
energy, and enthusiasm in an endeavor to help our team, to work out new plays 
and better codrdination. The technical sessions of our societies will supply the 
information and ideas, our joint meetings and informal association and discus- 
sions should aid in closer coérdination. We have a tough task ahead. On behalf 
of the paleontologists, I say if we all work together we can do the job. 
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GEOPHYSICS LOOKS FORWARD! 


R. D. WYCKOFF? 
Pittsburgh, Pennsylvania 


We speak of the war emergency and what it has done to our domestic oil re- 
serves. I would not attempt to minimize the effects of the war demand upon our 
current production facilities or to imply that the extra demand, the purely mili- 
tary consumption, is a minor quantity. But considered in the light of the total 
quantity of oil that has been taken from the ground in the past and that which is 
to be added to the grand total by future production, it does not loom out of all 
proportion as some current discussion would imply. Rather it appears as the 
warning that has jarred us out of our normal complacency and into an admission 
that, after all, our domestic oil is limited, that it is being depleted at an alarming 
pace, and that new reserves are not forthcoming in the accustomed manner at a 
rate sufficient to replenish the reservoir. 

These circumstances were quite clearly indicated before the war and its im- 
pact merely brought them farther into the open. Additionally, and more signifi- 
cant perhaps, it has doubtless resulted in the revision of our concepts as to the 
normal future demand. One can not contemplate modern mechanized war with- 
out realizing that at its conclusion the normal accelerated consumption of petro- 
leum resources will accelerate even more rapidly. It is little wonder, therefore, 
that exploration has suddenly emerged as the bottleneck of our domestic petro- 
leum industry. It is implied that our methods are inadequate; that perhaps they 
are antiquated and have not kept pace with other technological developments. 

Considering the record of recent years—the declining rate in total volume of 
oil discovered—one must admit a widening gap between added reserves and ever 
mounting depletion rates. Judged in the light of actual numbers of new reservoirs, 
however, one can not say that exploration, or even in particular that geophysical 
exploration, has failed or is now failing in its job. Geophysical methods, like most 
geological methods, find structure, not oil, and from a technical viewpoint must 
be judged accordingly. Given virgin territory in which to operate, modern and 
properly executed exploration methods, including geophysics, have not failed to 
bring results measuring up to modern technological standards. 

It must be remembered that a large proportion of our domestic exploration 
has been in areas thoroughly combed in the past and that a rework job by any 
exploration method is still a rework job carrying the inevitable penalty of dimin- 
ishing returns. Also it must be considered that much of the domestic work that 
has been done in virgin territory is either marginally prospective or as yet has 

1 Address of the president of the Society of Exploration Geophysicists before the joint meeting 
of the American Association of Petroleum Geologists, the Society of Economic Paleontologists and 


Mineralogists, and the Society of Exploration Geophysicists, at Dallas, March 22, 1944. Reprinted 
by permission, from Geophysics, Vol. 9, No. 3 (July, 1944). 
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been inadequately tested. Bearing in mind these facts, much of the criticism 
aimed at geophysics is totally unwarranted. The point to be emphasized is not 
the failure of techniques but rather that the job at hand requires methods verging 
on the occult, the “black magic of the doodle bug.” 

But while such considerations may be a much needed sop to our vanity, they 
do not alter the fact that in view of such circumstances our methods are indeed 
inadequate. Admittedly, in areas that have been subjected to such intense and 
long continued exploitation as has marked our domestic petroleum industry, no 
exploration method can be called good enough until it is capable of locating 
literally the last drop of oil hidden in the subsurface. This of course is an impossi- 
ble attainment; it serves only to indicate the ultimate goal and to pose the ques- 
tion as to how we may make even a tentative approach to that goal with a mini- 
mum of delay. This is the question I wish to discuss. 

Apparently it is frankly admitted that our problem is to find oil, not merely 
prospects and particularly not just prospects in the form of structural indications 
for which we now have finding tools. We are told that the bulk of future domestic 
reserves probably lies in stratigraphic or even lithographic traps and that it is 
up to the exploration department to find such oil. Since we are to be so utterly 
practical in our statement of the problem let us be equally realistic in our ap- 
proach to the solution. The direct approach is of course the obvious one. Merely 
design instruments capable of detecting oil directly, and at once our problem is 
solved. And this evidently is the nature of the solution most frequently proposed 
by those who are not charged directly with the technologic development problem. 
It is not a bad star at which to aim. To dream and plan realistically for the future 
is both good and necessary, but to indulge in star gazing, particularly through 
the wrong end of a telescope, is an extravagance which no industry can afford. 

Let me digress a moment to illustrate what I mean by this apparently face- 
tious remark. I wish to take cognizance of certain ideas that are springing up in 
various quarters as a result of the gradual release of information concerning in- 
numerable new “gadgets” of war. Some of these methods and devices are indeed 
almost magical in their performance and even to those familiar with the technical 
details of their construction and operation, their performance is almost incredible. 
It is not surprising, therefore, that in these days the impossible appears as a 
commonplace accomplishment and that in some quarters of the petroleum in- 
dustry has arisen the idea that perhaps out of the war will come the long-sought 
magic needed by the geophysicists. In order to make a realistic approach to our 
exploration problem I wish first of all to eliminate these delusions. 

I hope it will not be considered impertinent to remark here that in proportion 
to the numbers engaged, geophysicists themselves have contributed no small 
share in some of these war developments. Some of their contributions have been 
in the application of geophysical principles, techniques, or instrumental com- 
ponents. Others have contributed their training and applied it to developments 
totally foreign to geophysics. I mention this not as a reminder of the geophysicists’ 
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contribution to the war effort but merely to emphasize that if new methods are 
to come out of the war you may be assured that you have competent representa- 
tives on the ground who will be quick to evaluate new developments in the light 
of geophysical needs and appropriate them for such use. 

But with full recognition of the fallibility of predictions I venture to say that 
when the books are balanced, geophysics will have contributed more to the war 
effort, directly or indirectly, than war developments will have to offer geophysics. 
I do not mean that we will not be ahead by available improvements in instru- 
mentation, though a portion of such gains will only serve to compensate for the 
large-scale curtailment in geophysical research resulting from the diversion of 
men and facilities to war developments. Indeed, we are certain to profit by the 
enormously accelerated pace of research in all lines. But other than such obvious 
gains as in improved instrumentation which inevitably results in an improvement 
in performance, I see no possibilities of major changes. No new geophysical 
methods will come out of the war. 

Let me illustrate briefly with one development that seems to have captured 
the imagination of the layman and thus has given rise to the wildest of dreams. 
Radar is an outstanding war baby, not only in the magnificent details of its con- 
ception and development but in its astounding performance. Radio in its simplest 
form must appear as a miracle to the lay mind and in its more complex aspects 
looks almost magical even to the initiated. Little wonder, therefore, that a device 
capable of “seeing” the invisible appears to the uninitiated as the long- 
sought answer to the geophysicists’ prayers. 

But the principle of Radar is not new, it is the instrumentation that is new 
and has made possible its development. It is reflection-radio made possible by the 
requirements of war and rapid strides in electronics. It is, let us say, analogous 
to the reflection seismograph which after early failures eventually emerged from 
the refraction seismograph much as Radar developed from previously well known 
radio phenomena. But the analogy goes farther. The reflection seismograph is 
actually “radar” in principle except that elastic waves are used instead of electro- 
magnetic waves because elastic waves will penetrate the earth to useful distances 
and radar electromagnetic waves will not. One might suggest the use of lower 
frequencies that will permit greater penetrations and then we see that we are 
back to the almost endless variations in electrical prospecting methods that have 
been used by geophysicists for years and are still the subject of experiments in 
the hope of providing a tool whereby oil, not structure alone, might be found 
directly. Geophysicists are well aware of these facts but not so all members of the 
oil fraternity. I regret the necessity of being realistic, but I repeat: it is quite safe 
to say that no new geophysical principles will be found among the war babies. 

Doubtless this may sound like the ultimate in pessimism and you may call 
it that if you wish but I am not one who believes that accomplishments come in 
on a hope and a prayer. Sometimes we do have luck and results exceed expecta- 
tions but behind such spectacular events are always the long and tedious efforts 
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on the part of some realists working toward improvements with the methods 
and tools at hand. And so with geophysics. It made spectacular advances in the 
early days while new principles—new to geophysics but old to science—were 
available and could be brought to bear on the problems. This does not mean that 
we are now in the process of stagnation but rather that we should not delude our- 
selves in the belief that there is magic to be pulled out of the hat. Geophysics as 
a science is old enough to be beyond that stage. We must now work harder for 
smaller gains, making use of new tools, new instrumentation borrowed from other 
fields; and this process is usually a slow one devoid of spectacular events. 

If this is truly the situation and we are to be realistic about it, where then is 
the solution? Perhaps it is pertinent at this point to consider the problems pre- 
sented and to review briefly the methods used thus far in their solution. By so 
doing, we should be able to gain a more rational viewpoint on the problem. 

Orthodox geophysical methods, as now generally practiced, operate on either 
of two fundamental principles: (1) forces having their origin in subsurface 
anomalies are observed at the surface; (2) the subsurface is probed in such a 
manner as to permit mapping the attitude of certain discontinuities which are 
stratigraphic markers or related to such geologically significant markers. 

In the first category—those methods involving the measurement of forces at 
a distance—we have only two choices, for other than gravitational effects pro- 
duced by density contrasts, or magnetic effects resulting from non-uniform mag- 
netic properties, we have no operating principle available. Making use of these 
effects—the only available physical principles—are the two oldest tools of geo- 
physics, the gravimetric and the magnetic methods. It is unnecessary to discuss 
in detail the type of results obtained. By their very principle of operation it is 
evident that the geologic implications derived from a study of either type of 
data must, in general, be indirect and inferential in nature. For except in very 
special cases, unique solutions of such data are, and must remain, quite impossi- 
ble. Moreover, it is to be noted that at best such inferential information can 
pertain only to major anomalies or structures and except for extremely shallow 
features of little interest in petroleum exploration there is little hope of delineat- 
ing stratigraphic or lithologic traps. 

Both magnetic and gravimetric methods have been, and will continue to be, 
useful as reconnaissance tools. Actually their effectiveness has been increased in 
recent years through the application of more enlightened methods of interpreta- 
tion. Moreover, the advances in interpretational techniques have been made 
possible through a simultaneous increase in both the accuracy of the data and 
the amount of detail secured. This in turn has been possible because of improved 
instrumentation responsible for the higher accuracy as well as lower operating 
costs. We may ask how much further improvement may be expected in these 
reconnaissance tools, 

In regard to gravimetric methods a very great stride was made by the develop- 
ment of practical gravimeters, But modern gravimeters have already reached the 
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point where the accuracy of observation exceeds the “noise level.” By that, is 
meant that the instruments are already capable of such precision that extraneous, 
purely local, disturbances produce gravity effects within range of modern field 
observations. Clearly there is no substantial justification in striving for increased 
instrumental sensitivity. 

However, the interpreter is reasonable in demanding more and more detail 
since the quality of his inferences is directly affected by the amount of data 
available in a given area. More data call for greater expenditures in field surveys 
or else a speeding-up of observations. Already the gravimeter is capable of such 
operational speeds that the most time-consuming job is that of transportation. 
Moreover, strange as it may seem, the cost of an accurate gravity survey lies 
principally in the topographic survey, not the gravity observations. There is, of 
course, room for improvement in the portability and rugged reliability of gravi- 
metric instruments in order to facilitate field handling. But there is more to be 
gained by some improvement in topographic survey methods whereby the over-all 
cost of precision gravimetric observations may be most effectively reduced and 
thus provide the interpreter with more detailed information. These are prob- 
lems in instrumentation which conceivably can improve current practice but 
they will not produce any radical changes in over-all results. 

The magnetic method has been in somewhat less favor than the gravimetric 
method as a reconnaissance tool. As a petroleum exploration method there may 
be some justification for this viewpoint although with modern interpretation 
technique applied to field data of sufficient detail and accuracy, it has definite 
usefulness. Whether due to lack of impetus arising from this general apathy to- 
wards the method or to the lack of technical means for necessary improvement, 
it is true that the magnetometer as an instrument has not kept pace with the 
gravimeter. While existing instruments are capable of a precision within the 
“noise level,” in general they are not so operated. However, it may be said that 
there are definitely on the horizon improvements in magnetic instrumentation 
that would enhance the capabilities of the magnetometer. If justified by the de- 
mand such improvements will be made, but again they will present an improved 
reconnaissance method, not a radically new oil-finding tool. 

With this hasty disposal of the available methods based on so-called “action 
at a distance” let us examine the second category of geophysical principles: those 
methods involving the use of probe phenomena. And while the most direct and 
perhaps most completely satisfying method is the use of the drill with either 
direct geological examination of cores or cuttings to obtain the desired subsurface 
information, or various geophysical methods such as electrical, radioactive, or 
related logging tools to aid in correlation from well to well, the probe phenomenon 
referred to at the moment is the use of energy applied at the surface and propa- 
gated through the subsurface to replace the physical contact of the drill. Indeed, 
energy propagation alone can be of the nature of the intangible probe required and 
having so specified it, simple physical principles immediately limit our choice to 
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the use of wave energy which may be either electromagnetic or elastic in nature. 

Some mention has already been made of the electromagnetic wave methods 
and the fact that the electrical properties of the subsurface preclude the use of 
high-frequency phenomena. We have seen that the practical electromagnetic 
methods involve only very low frequencies which for maximum penetrations de- 
generate into essentially direct-current phenomena. Thus, the electromagnetic 
methods comprise the already well known electrical prospecting methods which 
have been extensively exploited and are still the subject of extensive research. 
I am not prepared to say that greater success than evident in the past will attend 
the application of electrical methods in the future. But one thing may be said 
with confidence: radio-frequency phenomena will not be applicable to oil-finding. 

We have left elastic-wave energy as the second and to date the most useful 
method of probing the subsurface. As in the case of electromagnetic energy, we 
are dependent upon more or less abrupt discontinuities in the propagation con- 
stants of rocks for the refraction or reflection of the elastic-wave energy. From 
suitable observations at the surface it is possible to deduce the path followed by 
the elastic waves from their source to the point of observation. We deal, let us say, 
with somewhat hypothetical beams of sound as probes. And from a partial knowl- 
edge of the propagation velocities along complex refractive or reflective paths we 
calculate depths to the discontinuities responsible for these phenomena and 
attempt to map their configuration. To the layman the seismic method un- 
doubtedly appears as a more direct and tangible method than any discussed thus 
far. Indeed it is direct in the sense that we have sent the energy of an explosive 
charge down to the depths desired and picked it up again at the surface. The 
energy observed at the detector and transcribed on a permanent record has ac- 
tually touched or traversed the strata of interest. But the record includes such 
complexities introduced by intervening strata that one could hardly expect pre- 
cise interpretations. As a matter of fact, in practical operations we are able to 
use only a part of the information that should be present on the record. 

If we were dealing with a very simple system instead of complex stratification 
comprising the subsurface, results could be expressed with absolute precision and 
in addition a great deal could be inferred regarding the nature of the strata en- 
countered. Amplitudes, phase-shifts, dilational as differentiated from longitudinal 
waves, all would have diagnostic significance. In practice, however, we measure 
only time intervals between initiation and reception of seismic events and from 
such time intervals and approximate velocity information our seismic maps are 
derived. It is impossible to say when, if ever, the other latent features may be 
used in adding detail to the interpretations. At the moment it appears that such 
details are stripped of all practical significance. Perhaps they are completely ob- 
literated by the complexity of the path traversed. In fact, in some areas even the 
mere recognition of reflections is found impossible because of effects produced by 
surface or near-surface materials. Experience and improved instrumentation 
have gradually solved some of these problems and areas totally intractable in the 
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recent past are now amenable to seismic work with reasonable results. Certainly 
this gradual improvement will continue but it must be remembered that neither 
experience nor instrumentation can eliminate interfering phenomena introduced 
by the complexity of the geological section encountered. We have no control over 
the transmitting media and hence, the additional details which theoretically 
should be contained in seismic records, and which might permit a more discerning 
analysis, may forever be obscured regardless of technical advances. 

I sound this note of pessimism merely to point out the fallacy in expecting 
any magical over-night solution of these problems through instrumental improve- 
ments alone and that for some time to come the seismograph is likely to remain 
much the same as we now know it. Instrumental improvements will come but we 
should not lose sight of methods more obviously available whereby greater effec- 
tiveness of all types of geophysical work may be attained. 

We have reviewed briefly the state of the geophysical art insofar as the ortho- 
dox magnetic, gravitational, electrical, and seismic methods are concerned. Thus 
far I have omitted mention of the geochemical methods, not because I am a con- 
firmed disbeliever, but rather, I am an agnostic since it appears that several 
years of intensive research have provided no conclusive answer regarding their 
effectiveness. I believe we can say that there is a theoretically sound basis for 
such methods but only the future will tell to what extent it is amenable to practi- 
cal application. At any rate, judged from past performance it is reasonable to 
assume that the status of geochemistry will not change suddenly to one of assured 
success and apparently our direct oil-finder is still some distance around the cor- 
ner. 

I believe I have given a fair statement covering available geophysical princi- 
ples. Throughout I have stressed the conclusion that we can not rely on any 
spectacular and revolutionizing instrumental improvements in any category to 
provide immediately the desired improvement in the oil-finding power of our 
instruments. But the story is not complete. These days we are prone to look to 
technological improvements as the sole solution to our problems. This is the at- 
tractive solution when it is within the realms of possibility, but perhaps in the 
present case it will be more immediately profitable to look elsewhere. 

It is my firm conviction, as has been expressed by others before me, that the 
effectiveness of geophysical exploration can be substantially increased by the 
mere application of more judicious handling of equipment, of the data obtained, 
and the geophysical talent available. Speaking in broad terms covering the in- 
dustry as a whole, there is room for much improvement in the selection of proper 
instruments and technique for the job at hand. The refraction seismograph is 
still an effective tool when used in its proper place and perhaps in conjunction 
with the reflection method. The reflection seismograph is a powerful detailing 
tool when used properly and with reasonable discretion, but in connection with 
such work the density of control must be commensurate with the resolving power 
required. The data obtained from any method can not be fully appraised by a 
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cursory examination of final maps as one might read a contour map of clear-cut 
surface or subsurface control points. The industry has developed an unfortunate 
attitude toward geophysical maps, particularly seismograph data because they 
are presented in the familiar and completely tangible form of subsurface contours. 
Having completed such a map, it is assumed that the geophysicist’s role ends 
there. Too often on the basis of such a map considered as the unique and positive 
solution of the seismic data, an area is condemned, or drilled and too frequently 
abandoned on the basis of inadequate tests. Moreover, the geophysicist himself 
is condemned along with his equipment with the result that he becomes more and 
more conservative and unwilling to speculate beyond the most positive data 
visible on his records. 

It is relatively easy to perceive the difficulty in piecing together a complete 
picture from electrical logs when the subsurface presents a complex problem, 
even though the measurements are made in drill holes and in direct contact with 
the strata. This problem is understood by all concerned. But the seismograph 
interpreter must piece together literally thousands of control points derived from 
elusive reflection events with possibilities of distortions and complex travel paths. 
And he is practically alone in his understanding of the problem. Under such con- 
ditions and the ever-present lash of criticism he is forced into a conservative 
attitude. And yet, the industry calls upon geophysics to find stratigraphic traps. 
The location of such traps by means of the seismograph is not an impossibility 
but it will be accomplished only by understanding and wholeheartedly accepting 
the risks that would face the interpreter. When such an attitude is adopted, then 
and only then will an experienced interpreter dare present some of the obscure 
features he so frequently encounters in his data. 

That the East Texas field could have been found only by wildcatting is a state- 
ment I have heard so often it seems to have become a truism. I am willing to 
agree that ten years ago and perhaps even now, a seismograph picture of the East 
Texas field would not have led to its discovery. However, it would not have been 
because of any failure of the reflection seismograph to show an interesting pinch- 
out in the Woodbine formation. But it would have required an imaginative and 
venturesome geologist working in close coéperation with a similar geophysicist 
to have exploited it as a prospective trap and to have picked within the wide 
pinch-out zone the proper strip in which to hit production. Perhaps the East 
Texas seismograph picture is a textbook example, but doubtless there are others. 
In fact any geophysicist can find among his data, perhaps less clear-cut yet rea- 
sonably good examples of stratigraphic anomalies. Such data, however, are 
usually discussed and speculated upon for a while among his co-workers, occasion- 
ally perhaps if circumstances permit, with the geologist, and then they are filed 
away in his memory while he proceeds in the search for closed contours. For closed 
contours are the halos of certainty which alone have been generally acceptable 
as reasonable risks. 
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I am well aware of the practical considerations that relegate nebulous or 
speculative prospects to the discard. But the critics of the exploration department 
are demanding that we find not only structural features but stratigraphic and 
even lithologic traps, not to mention oil itself. It is folly to assume that such 
a goal can be attained without accepting greater risks than the industry in gen- 
eral is now willing or perhaps even able to assume. The more conservative atti- 
tude which seems to have made its entrance during the adolescent period of geo- 
physics was suited to the times, or to any virgin oil province. But if we are being 
realistic in suggesting that the last drop of our domestic reserve must be found, 
then it is necessary to be equally realistic in action. If these reserves are to be 
found in stratigraphic or related traps then the industry must be prepared to 
accept and act upon seismograph data far less certain in character than have been 
acceptable in the past. Considering the nature of such traps it should be quite 
unnecessary to point out this fact. Nor should it be necessary to add that instru- 
mental improvements alone will not result in the sudden emergence of strati- 
graphic and similarly obscure features as clear-cut prospects on a seismograph 
map. 

It follows from such considerations that any successful attempt of the indus- 
try to delineate such illusive oil prospects by means of geophysics must be predi- 
cated on a change in the general attitude towards geophysics and its coérdination 
with the policy-forming and exploitation departments. And I may as well be frank 
on this point. 

Geophysics is spoken of as a tool for the geological department. Insofar as 
exploration is the normal function of the geological department, the statement 
is quite true. Indeed, it would be a high compliment attesting a simplicity and 
unimpeachable reliability to geophysics if such a connotation could be applied 
without qualification. But geophysics itself is not quite that certain of its an- 
swers. And until such time as geologists, and in particular executive geologists, 
are likewise geophysicists or have a thorough understanding of interpretation 
problems, that nom de plume should not be taken too literally. The seismograph, 
for example, is not a machine which by turn of a crank pours out maps to be read 
as one would read the maps of a geodetic survey. On the contrary, a large part of 
its effectiveness depends on the human factor—the acuity and experience of the 
geophysicist. It is one thing to submit a report and a concise “‘yes-or-no”’ picture 
in the form of a map when dealing with some clear-cut structural feature. But it 
is quite another matter to present abstruse possibilities in similar form. In fact, 
it is not done by any interpreter who has faced the music of “the morning after.” 
Nor will it be done until, more generally, the organizational structure of the 
exploration department is such as to give the geophysicist ready and regular 
access to the policy-making and action-formulating sanctums of the industry. 

Geology did not achieve its maximum of usefulness in guiding land acquisi- 
tions and exploitation policy under a setup comparable with that generally as- 
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signed to geophysics. I need not review the history of geology’s entrance into the 
petroleum industry to make my point clear. Geophysics may derive further com- 
fort in a review of the history of the advent of production engineering and its 
even more modern technical phase into the industry. 

No, I am not one who believes that geophysics is stagnating through the lack 
of technological advances though I freely admit and even emphasize that I can 
not see new and revolutionizing tools on the horizon. But I do believe that as 
long as the industry is permitted to star gaze through the wrong end of the tele- 
scope, waiting for some magic out of the hat to bring the goal into sight, geo- 
physics will continue to be condemned unjustifiably for its inability to find the 
illusive oil reserves which we are told are the hope of our domestic petroleum 
industry. It is the geophysicist’s job to make this clear. It is also his job to point 
the way whereby those tools now at hand may be made more effective, using 
the same course whereby geology and production engineering succeeded. 

Geophysics is, first of all, a scientific tool but its practical application is as 
much an art as the practical applications of geology, and the personal factor is 
and will remain its most potent complement. An imaginative and venturesome 
geophysicist is as necessary as the instruments he uses but in general the current 
administration of geophysics suppresses rather than encourages such traits. And 
in those organizations of which I speak, where geophysics is considered merely 
a tool rather than a part of the exploration machine, this trend will continue. 
And the industry will continue to cry for technological advances not available 
while it develops in the equally important human complement the very an- 
tithesis of desired progress. 
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PRELIMINARY REPORT OF THE TECHNICAL OIL MISSION 
TO THE MIDDLE EAST! 


E. DEGOLYER? 
Dallas, Texas 
Washington, D. C. 


February 1, 1944 
President and Directors of Petroleum Reserves Corporation 


Sirs: 
Preliminary Report of the Technical Oil Mission to the Middle East. 


1. The center of gravity of world oil production is shifting from the Gulf- 
Caribbean area to the Middle East—to the Persian Gulf area—and is likely to 
continue to shift until it is firmly established in that area. 

2. All important oil fields and practically all important prospective oil terri- 
tories of the Middle East are held by one or another of four companies or groups 
of companies. The fields of Iran are held by Anglo-Iranian Oil Company, Ltd. 
The fields of Iraq and Qatar and important concessions in Syria, Palestine, and 
the Trucial Coast are held by the Iraq Petroleum Company, Ltd., and associated 
companies. Iraq Petroleum, Ltd., except for 5 per cent, is owned one quarter each 
by the Anglo-Iranian, Royal Dutch-Shell group, Near East Development Cor- 
poration (Standard of Jersey and Socony-Vacuum) and a French group. The oil 
fields of Saudi Arabia and the Sheikdom of Bahrein, and a substantial concession 
in Saudi Arabia, are held by Arabian American Oil Company, and Bahrein 
Petroleum Company, Ltd., both wholly and jointly owned by Standard Oil 
Company of California and The Texas Company. The one field in Kuwait and a 
concession covering the entire Skeikdom are owned by Kuwait Oil Company, 
Ltd., which in turn is owned 50 per cent each by Anglo-Iranian and by a sub- 
sidiary of Gulf Oil Corporation. Attached is a map showing the various concession 
areas. 

Of the four groups which hold this area, one is wholly owned, another is half 
owned and a third is a quarter owned by Anglo-Iranian Oil Company, Ltd., 
a majority of the ordinary shares of which are owned by the British Government. 

3. The fields of Iran are currently producing approximately 325 thousand 
barrels per day and about 50 thousand barrels of residue are being returned to 
the ground; a net daily withdrawal of some 275 thousand barrels. The fields 
of Iraq are currently producing approximately 90 thousand barrels per day and 
those of Saudi Arabia and Bahrein a total of 35 thousand barrels per day. 
The fields of Kuwait and Qatar are shut in. With but little additional drilling, 
say 40 to 50 wells, these fields are susceptible to considerable increases in produc- 
tion. 

1 Copy of report received, March 31, 1944. 

2 DeGolyer and MacNaughton, Continental Building. 
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4. The Iranian fields are connected by pipeline with the Anglo-Iranian re- 
finery and tidewater at Abadan. The Kirkuk field in Iraq is connected with the 
Eastern Mediterranean Seaboard by a pipeline system with terminals at Haifa, 
Palestine, and Tripoli, Syria. The Arabian oil is transported by pipe line the few 
miles to the Persian Gulf and barged the short additional distance to the Bahrein 
Petroleum Company refinery on Bahrein Island. 

5. Three significant refineries are located in the area. The largest is that of 
the Anglo-Iranian Oil Company, Ltd., at Abadan, which is currently processing 
some 280,000 barrels per day of Iranian crude oils. Upon completion late in 1944 
of facilities now authorized, its capacity will increase to 362,000 barrels per day. 

The Haifa plant of Consolidated Refineries, Ltd., owned jointly and equally 
by The Anglo-Iranian Oil Company, Ltd., and the Royal Dutch-Shell Group 
now processes about 60,000 barrels per day of Iraq crude. Extensions to this 
plant now scheduled for completion in July 1944 will increase its crude charging 
capacity to 80,000 barrels per day. 

The third refinery located on Bahrein Island is owned by the Bahrein Petro- 
leum Company, Ltd. Construction work now in progress will increase its present 
daily crude capacity of 33,500 barrels per day to 45,000 barrels in July, 1944 and 
to 58,000 barrels in December, 1944. 

Total daily crude capacity of these refineries when extended will be some 
500,000 barrels per day or about 11% of United States refining capacity. Of this 
500,000 barrels, only 58,000 barrels or about 11.5%, is American and is owned 
through a Canadian corporation. 

In addition to these three refineries which supply offshore requirements, there 
are small topping plants in each production area which supply local requirements 
and provide special cuts of crude to meet pipeline and refinery needs. 

A schematic map showing the location of refineries and pipelines is attached 
to this report. 

6. In discussing the reserves of this area it is extremely difficult to find a 
common denominator by which to express them. Our preliminary estimate of 
reserves actually proved is approximately 5 to 6 billion barrels in Iran, 4 billion 
barrels each in Iraq and Kuwait, 2 billion barrels in Saudi Arabia and Bahrein, 
and less than one-half billion barrels in Qatar. If one considers reserves as proved 
by developed fields and indicated by fields discovered but not yet fully explored, 
the proved and indicated reserves in Kuwait appear to be approximately 9 billion 
barrels, those in Iran 6 to 7 billion barrels, Iraq 5 billion barrels, Saudi Arabia 4 
to 5 billion barrels and Qatar 1 billion barrels. 

7. Obviously any attempt to appraise the prospective areas of this region 
must be highly speculative. In our opinion, in any attempted rating of undrilled 
prospect values, Iran and Saudi Arabia must vie for first place. Iraq ranks close 
third with Qatar a somewhat distant fourth, and Kuwait a definitely distant 
fifth. Too little is known of the values of other areas to justify an attempt to rate 
them. 
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When one considers the great oil discoveries which have resulted from the 
meager exploration thus far accomplished in the Middle East, the substantial 
number of known prospects not yet drilled, and the great areas still practically 
unexplored, the conclusion is inescapable that reserves of great magnitude re- 
main to be discovered. The proved and indicated reserves of this area are compa- 
rable with those of the United States, yet all of the Middle East reserves have 
been discovered by the drilling of less than a total of 150 wildcat wells. In the 
United States we drill more than twenty times this number of wildcat wells each 
year. 

8. It is the opinion of this mission that, given reasonable time and a very 
moderate amount of oil field material, any single one of these four groups can 
develop and maintain within its own properties sufficient production to supply 
world requirements from the Middle East area for many years to come. For 
the next ten to fifteen years at least, the Middle East area is likely to develop 
and maintain productive capacity of as much as four times its probable market 
outlet. 


In any consideration of this report it should be recognized (a) that the object 
of the mission’s work was solely that of technical review of the reserves and pros- 
pects of the area under consideration, and (b) that the conclusions expressed 
herein are strictly those of the mission. We are indebted to the officers and direc- 
tors of Anglo-Iranian Oil Company, Ltd.; Iraq Petroleum Company, Ltd.; 
Kuwait Oil Company, Ltd.; Bahrein Petroleum Company, Ltd.; Arabian Ameri- 
can Oil Company; and the Royal Dutch-Shell Group for their courtesy and 
hospitality in showing us their fields and for the critical information regarding 
the fields and prospective areas which was supplied to us. They have no responsi- 
bility for our conclusions. 

The mission consists of E. DeGolyer, John Murrell, C. S. Snodgrass, and 
W. E. Wrather. It left Washington on November 12 and, after visiting the 
Middle East and London, returned to Washington on January 22. Mr. Wrather, 
detained in Arabia because of illness, has not been available for consultation in 
the preparation of this report. 


Submitted, 


E. DeGolyer 
Chief of Mission. 
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BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 28, NO. 7 (JULY, 1944), PP. 924-952, 4 FIGS. 


RADIOACTIVITY AND PETROLEUM GENESIS! 


C. W. SHEPPARD? 
Cambridge, Massachusetts 


ABSTRACT 


The conversion of organic substances to petroleum in the sedimentary environment is discussed. 
The present available information is reviewed concerning probable source materiais and the condi- 
tions of deposition. The significance of the porphyrin content of petroleum is reviewed. An outline of 
the thermodynamical and kinetic aspects of petroleum conversion is given. As a possible activating 
agent the radiations from radioactive materials in sediments are selected for discussion. A survey is 
made of the pertinent literature on known chemical reactions produced by alpha-particle bombard- 
ment. Possible mechanisms are mentioned whereby alpha particles may cause molecules to react 
chemically. Approximate calculations are made of the efficiency of conversion of organic material 
to petroleum by alpha-particle bombardment under certain hypothetical sedimentary conditions. 
These calculations show that the rate of conversion is highly dependent upon the relative association 
in the sediment between the organic material and the radioactive constituents. In a uniform, homo- 
geneous sediment containing 2.5 per cent organic matter and having a concentration of 2.710% 
gram of uranium and 8X10 of thorium per gram, approximately ¢ of the total organic content 
may be converted in 100 million years. Due to the uncertainty in the available data no definite con- 
clusion may be made as yet as to the importance of sedimentary radioactivity in petroleum genesis. 


INTRODUCTION 


It is nearly 20 years since Lind and Bardwell (1)* suggested that the small 
amount of radioactive material in the earth could have a direct influence on the 
formation of petroleum during geological time. Although some progress in under- 
standing the relation between terrestrial radioactivity and petroleum has been 
made, a large amount of work remains to be done before the importance of radio- 
active phenomena can be evaluated. It is extremely doubtful that petroleum is 
produced by the polymerization of methane as Lind and Bardwell originally 
suggested. More likely processes are the transformation of solid or liquid organic 
material in the source beds and possibly further alteration later in the reservoir 
rocks. Bell, Goodman, and Whitehead (2) have given preliminary consideration 
to the latter problem. They made only a small number of measurements and 
concluded that the effect of dissolved radon on the fluid content of the reservoir 
was small. It is difficult to estimate the extent to which their figures should be 
corrected for the loss of radon which occurs when the associated natural gas 
separates from the oil. Information concerning the radioactive content of sedi- 
mentary rocks and of petroleum and connate waters is still seriously limited. 
Little is known regarding the effect of radioactive substances on organic materials 
under geological conditions. For this reason, further study is in progress as part 
of a general program of research on the origin of petroleum sponsored by the 
American Petroleum Institute. The three sections of the program are: Project 
43a at Scripps Institution of Oceanography, La Jolla, California, devoted to 


1 Manuscript received, April 10, 1944. 

2 Research associate, American Petroleum Institute, Project 43c. Massachusetts Institute of 
Technology. 

3 Numbers in parentheses indicate references at end of this article. 
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the réle of biochemical agencies in the creation of petroleum; Project 43b at 
Pennsylvania State College, State College, Pennsylvania, which deals with the 
chemistry of petroleum formation and selected bacteriological investigations; 
and Project 43c at the Massachusetts Institute of Technology, Cambridge, 
Massachusetts, which is studying the conversion of organic material to petroleum 
by the radiations from radioactive substances. The present discussion is confined 
to the radioactive aspects of petroleum genesis. 

Compared with our knowledge of the occurrence of other mineral resources, 
it appears strange at first glance that so little is understood concerning the origin 
of petroleum. There are several reasons for this contrast. Information regarding 
the geological environment of the source and reservoir rocks of petroleum is more 
difficult to obtain. The réle of chemistry in petroleum formation is much more 
involved, including as it does the study of extremely complex organic molecules. 
The réle of physics in the study of petroleum is closely interrelated with the 
chemical, biological, and geological aspects of the problem, and the value of this 
borderline research has not been sufficiently appreciated by physicists in the past. 
Fortunately many specialists who have heretofore been reluctant to venture 
out of their immediate field are now interesting themselves in codperative in- 
vestigations. 

In the present paper probable source materials and the final products are 
considered briefly, since this subject has been thoroughly discussed in the litera- 
ture. Next, there is given a brief analysis of the rdle of thermodynamics in de- 
termining the direction in which chemical transformations tend to proceed and 
the difficulties which arise when an attempt is made to discuss the problem from 
the thermodynamical point of view. A few of the most likely agents which might 
transform primary substances to petroleum are mentioned. Of these the alpha 
particles from radioactive substances have been selected for discussion, including 
a description of the more important phenomena of radioactivity, the chemical 
effects produced by alpha-particle bombardment and some aspects of the theo- 
retical interpretation of such chemical reactions. An attempt is then made to 
apply the fragmentary information now available concerning these processes to 
the problem of the origin of oil. In conclusion, a few suggestions for future re- 
search are offered. 


DEPOSITION OF PETROLEUM SOURCE MATERIALS 


Although there is still some uncertainty (3) as to whether non-marine sedi- 
ments are to be entirely excluded from consideration as petroleum source beds, 
the predominance of marine sediments in oil-bearing formations indicates that 
most petroleum source material is deposited in a marine environment. This 
assumption is made in the present discussion. According to Trask (4), the organic 
content of near-shore, recent marine sediments ranges from } per cent to 10 per 
cent, with an average value of about 2.5 per cent. The highest value is char- 
acteristic of stagnant marine environments, such as the Norwegian fjords, 
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where the deeper water contains hydrogen sulphide and thus no living crea- 
tures are present to interfere with the free settling of the organic débris to the 
bottom. A study of bottom sediments (5) shows marine bacteria are active. 
Aerobic and anaerobic bacteria are present in the upper few centimeters. Farther 
down are found principally anaerobic bacteria, which die out or become inactive 
at greater depths. Apparently the bacterial action produces a relatively greater 
reduction in the oxygen and nitrogen content of the sediments than in the carbon 
and hydrogen content. Trask’s figures (4) for organic matter in recent sediments 
are: carbon 56 per cent, nitrogen 6 per cent, hydrogen 8 per cent, and oxygen 
30 per cent. For ancient sediments the corresponding values are: carbon 64 per 
cent, nitrogen 4 per cent, hydrogen g per cent, and oxygen 23 per cent. Trask 
states that the ancient sediments have suffered a total decrease in organic content 
of roughly 40 per cent. The organic material appears to be highest in sediments 
deposited in quiet water and is more plentiful in the fine fractions of the sediments 
than in the coarse fractions. A likely explanation for these observations is that 
the organic material is nearly equal in density to the sea water; hence, it is de- 
posited with the finer sedimentary particles. It has been noted by several investi- 
gators that the radioactivity of marine sediments is relatively higher in the finer 
constituents (6, 7). Revelle (8) has shown a correlation between the radioactive 
content of sediments and the organic constituents. 

Little is known about the chemical constitution of the organic material in 
sediments. Extraction of sediments with solvents seldom completely dissolves all 
organic constituents. Important materials may be tightly adsorbed to the clay 
minerals. In an interpretation of Trask’s observations, (9) ZoBell (10) has stated 
that the absence of hydrocarbons in sediments may be caused by their destruc- 
tion in storage by hydrocarbon-consuming bacteria. It seems likely that the main 
organic constituents of sediments will be those least useful to marine life as food 
(4). The original organic compounds in the ocean are produced by the phyto- 
plankton and consist mainly of proteins and carbohydrates and a certain amount 
of fats. The zodplankton feed on this material and produce relatively larger 
amounts of fatty substances and proteins. Even if the organic materials escape 
alteration by marine life before deposition, they may nevertheless be attacked 
by bacteria in the sedimentary environment. The bacterial decomposition of 
cellulose under ordinary conditions of pressure and temperature is well known (11). 
Since the common strains of bacteria which are normally responsible for these 
processes are active at temperatures well above 20°C., some caution should be 
exercised in assuming that identical bacteria occur on the ocean floor. Marine 
bacteria have their own unique characteristics. The work of ZoBell has yielded 
valuable information concerning the biochemical processes which occur in marine 
sediments. His statement (12) that marine sulphate-reducing bacteria may form 
fatty acids from carbohydrates is particularly significant. ZoBell also states 
that certain marine bacteria produce amines by decomposition of proteins. It 
seems possible that any primary fats present in sediments will upon hydrolysis 
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be converted to the highly insoluble calcium salts of fatty acids. The existence of 
such salts has been suggested by Wells and Erickson (13) in a sediment taken 
from Chincoteague Bay, Virginia. It is possible that some of the fatty acids 
may combine with higher alcohols forming compounds more akin to natural 
waxes (14). 


LATER ENVIRONMENT 


From the nature of the occurrence, the study of sediments from which oil is 
being extracted is usually limited to information obtained from cores, well cut- 
tings, and some outcrops. In most of the deep borings in which pressures have 
been measured, the pressure is roughly that of a hydrostatic head of water ex- 
tending to the surface of the ground from the point in the earth where the sedi- 
ments are located (15). This amounts to 433 pounds per square inch, or slightly 
higher, per 1,000 feet. The porosity of shales at the time of deposition may be as 
much as go per cent; after burial it is reduced on the average to approximately 
20 per cent. Although ocean temperatures are somewhat variable even at depths 
of 100 meters (16), the temperature at which source materials are deposited is 
probably between 0° and 20°C. The temperatures of the rocks in oil fields are 
well known. In other locations they must be estimated from the average geo- 
thermal gradient (17) of approximately 1°C. per 100 feet of depth. Since this 
gradient can be easily altered by geological processes, the temperatures to which 
oil has been subjected during its stay in the ground are as a general rule subject 
to considerable speculation. However, specific cases occur where oil has evidently 
been formed at low temperatures. The convincing arguments for the low tempera- 
ture history of oil have been summarized by Brooks (18). 

Perhaps the most serious problem of all is the determination of the chemical 
composition of petroleum. Considerable progress has been made in the examina- 
tion of the lighter fractions of a few oils. Rossini (19) has summarized the thor- 
ough investigation by Washburn and by Rossini of a Mid-Continent oil from 
the South Ponca field. This research was done by the National Bureau of Stand- 
ards as Project 6 of the American Petroleum Institute. The difficulties encountered 
in analyzing the heavier fractions, particularly petroleum asphalts, are serious 
and little is known concerning the precise chemical nature of these compounds. 

A few measurements of the radioactivity of petroleum have been made (2). 
These indicate that the radium content is small but that radon is present in ex- 
cess of that produced by the dissolved radium. This radon may be derived in 
some cases from radium in the associated connate water. A limited number of 
measurements of the radioactivity of connate waters (20) have been made. Several 
of these waters have been found to contain significantly high amounts of radium. 


PORPHYRIN CONTENT OF PETROLEUM 


The interesting discovery by Treibs (21) that many crude oils contain por- 
phyrin pigments has had an influence upon the more recent thinking concerning 
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the origin of petroleum. Figure 1 shows the structure of desoxophyllerythrin and 
of mesoporphyrin. The former can be produced by the degradation of chlorophyll 
and the latter by the degradation of hemin which is a chloride of the iron-bearing 
constituent of hemoglobin. The presence of these two porphyrin pigments in 
many oils was conclusively verified by Treibs. This is convincing evidence for the 
animal and vegetable origins of petroleum. The chlorophyll-derived porphyrin 
seems to predominate in many cases. Figure 1 also indicates diagrammatically 
the manner in which etioporphyrins are produced from their prototypes by the 
removal of the attached carboxyl groups. The results of Treibs’ earlier survey 
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Fic. 1.—Two porphyrin molecules. Number I is the chlorophyll-derived porphyrin. If «=COOH 
it is desoxophyllerythrin. If x=H it is desoxophyllerythro etioporphyrin. Number II is the hemo- 
globin-derived porphyrin. If x= COOH it is mesoporphyrin. If x= H it is meso-etioporphyrin. 


of 29 oils are given in Table I. It may be noted that only the etioporphyrins are 
present in most of the samples studied. Thus some process must have been active 
to remove the carboxyl groups. 

Fischer and Treibs (22) have shown that decarboxylation occurs in a short 
time (1 or 2 hours) at 350°C. Biochemical processes also cause decarboxylation 
(23). Thus the presence of desoxophyllerythrin in 4 cases and of mesoporphyrin 
in 2 cases, which have not undergone decarboxylation, furnishes fairly definite 
proof that these oils at least have not been exposed to temperatures above 350°C. 
and have not experienced this particular biochemical modification. As is well 
known, a small decrease in temperature greatly reduces the rate of reaction. One 
admittedly rough estimate would be a decrease to half the rate for every 5°C. 
lowering of the temperature. On this basis it would require 100,000 years for com- 
plete decarboxylation at 200°C. This temperature is often cited as the upper 
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limit. Caution must be exercised in lowering this upper temperature limit. If 
the decarboxylation of porphyrins occurs more slowly in nature than under the 
conditions of Treibs’ experiments, a higher temperature limit would be permitted. 


TABLE I 


PORPHYRIN CONTENT OF PETROLEUM SAMPLES 
ACCORDING TO TREIBS* 


Porphyrin 
Occurrence Age C. a DPE{  ODPt Mt 
Baku, Caspian Sea Tertiary Trace x XX _ _ 
Bibi Eybat, Caspian Sea Tertiary Little x _ _ _- 
Bibi Eybat, Caspian Sea Tertiary Very little x — _ — 
Romany, Caspian Sea Tertiary Trace x x _— _ 
Balachany, Caspian Sea Tertiary Very little x xxi x = 
Balachany, Caspian Sea Tertiary Very little x xx a = 
Surachany, Caspian Sea Tertiary Very little x XX — = 
Sabuntschi, Caspian Sea Tertiary Trace x XX — _ 
Tschelikon Is., Caspian Sea _ Tertiary Very little x XX _ _ 
Boryslaw, Galicia, Paraffin Tertiary Much Xxx x xx x 
Schodnica, Galicia Tertiary Little XX _ _ _ 
Crosno, Galicia Tertiary Little Xxx x — 
Drohobicz, Galicia Tertiary Little x x — _ 
Sloboda Rungorska, Galicia Tertiary Much xX x ai 
Tegernsee, Upper Bavaria Tertiary or Little XX x = 
Cretaceous 
Pechelbronn, Alsace Tertiary Little XX x _ = 
Frankweiler Palatinate Tertiary Medium XX — x —_ 
Diirrnberg Palatinate Tertiary Much XX x 
Wietze, Hanover Triassic Little xx 
Cretaceous 
Oelheim, Hanover Triassic Much XX x = _— 
Cretaceous 
West Virginia, N. America Devonian 
Carboniferous 


Pennsylvania, N. America Devonian 
Pennsylvania, N. America Devonian — 


Hindsand oil 

N. America Devonian Medium x = 
Oil Creek, Venango City 

Bryant Saw Umstead, Silurian Trace x XX —_ — 
Indiana, N. America Devonian 

Aunnie hoek field, Silurian Trace x x — _ 
Kentucky, N. America Devonian 

Trinidad, S. America Cretaceous Very much XX x XX x 


Tertiary 


* His system of designation for a 50-gram sample is: a trace, 2-10 micrograms; very little, 1o-20 micrograms; a little, 
50-250 micrograms; medium, 0.25-2 milligrams; much, 2-10 milligrams; very much, over 1o milligrams. x represents pres- 
ence of material; xx, greater than amount represented by x; —, absence. 

t DPE, Desoxophyllerythro etioporphyrin; ME, eso-etioporphyrin; DP, Desoxophyllerythrin; M, Mesoporphyrin. 
For example, if the carboxyl group happens to contain an attached metallic ion, 
the bond is stabilized and the decarboxylation inhibited. Also it is possible that 
the application of pressure might inhibit the reaction by suppressing the forma- 
tion of 

The present discussion is not intended to be a denial of the low temperature 
history of oil, since other even more convincing evidence supports this theory. 
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Nevertheless, the estimate of 200°C. as an upper limit of the temperature based 
on the occurrence of un-decarboxylated porphyrins should not be made with- 
out some reservations. 

It is evident that further work should be devoted to the study of the pigments 
in oil. Project 43a is at present studying carotenoid pigments found in some 
petroleums. There is also a need for the investigation of bile pigments such as 
bilirubin. These pigments are produced from hemoglobin by the liver, or in the 
bone marrow. 

It was verified by Treibs that many porphyrins in oil occurred in the form of 
vanadium salts. This has not as yet been explained. The vanadium blood pigment 
of Ascidia (sea squirts) is not a porphyrin compound although it contains pyrrole 
rings (24). This appears to be the only occurrence of vanadium in the blood 
pigments of present-day marine animals. 


THERMODYNAMICAL CONSIDERATIONS 


During the last forty years the application of thermodynamics to chemical 
reactions has resulted in a number of spectacular successes. It might, therefore, 
appear strange, that thermodynamical principles have not been more thoroughly 
utilized in attacking the problem of petroleum genesis. It is hoped that the follow- 
ing discussion will serve to illustrate the inherent limitations of purely thermody- 
namical arguments and indicate to what extent it is necessary to go beyond this 
science to arrive at an eventual understanding of the origin of oil. 

In order to predict whether a certain chemical reaction will occur, it is neces- 
sary to determine its free energy change (25). The negative of this quantity repre- 
sents the maximum amount of non-mechanical work produced by a chemical 
reaction at constant pressure and temperature. Thus, if a given chemical reaction 
has a negative free-energy change, it delivers a positive amount of “useful” work, 
which is thus a measure of the ‘driving force’’ or tendency of the reaction to take 
place. The factors which influence the free-energy change are: (a) the nature of 
the reactants and of the products of reaction, (b) their state of aggregation, 
(c) the relative amounts present, and (d) their pressure and temperature. The 
theoretical or experimental determination of the free-energy change of a chemical 
reaction is commonly extremely difficult. Nevertheless, if the discussion be con- 
fined to the standard states of the reactants and reaction products, the problem 
often becomes fairly simple, since the molal free energies of formation of many 
chemical compounds in their standard states are now known (26). Under these 
conditions the free-energy change is merely the sum of the free energies of the 
products of the reaction minus the sum of the free energies of the initial reacting 
substances. These free energies are obtained by multiplying the standard molal 
free energy of formation of each substance by the number of mols which enter into 
the reaction. 

Such calculations may be applied, as an example, to the decomposition of 
palmitic acid in its standard state (one mol of solid at one atmosphere pressure 
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and at 25°C.), to butyric acid in its standard state (one mol of liquid at one 
atmosphere and at 25°C.), n-undecane in the same standard state and one mol 
of solid carbon at one atmosphere. Parks and Huffman (26) give the free energies 
of solid palmitic acid as — 80,000 cal/mol and of liquid butyric acid as —91,500 
cal/mol. For n-undecane the value is +4,310 cal/mol (27). The free energy of 
carbon is zero by definition. Thus it is evident that in this conversion there will 
be a calculated free-energy change of — 7,200 cal/mol. The negative sign signifies 
that palmitic acid is unstable toward this type of decomposition. Hence, it might 
be expected that this change would take place. However, the process does not 
occur to any measurable extent at laboratory temperature and pressure. Conse- 
quently, it is evident that thermodynamics does not provide all of the necessary 
information. There are many other ways in which a palmitic acid molecule may 
decompose, corresponding with the rupture of one or more of its many chemical 
bonds. Of these possible reactions many have negative free-energy changes. The 
conclusion is that thermodynamics does not predict what will actually occur but 
only what can occur. 

In order to place the chemistry of petroleum formation in the realm of the 
probable rather than that of the possible, it becomes necessary to consider the 
rates of chemical reactions. Since palmitic acid does not decompose to any ap- 
preciable extent at 25°C., the reaction rate is evidently very small indeed. If the 
acid is heated to a substantially higher temperature for a short time, several 
of the more likely decomposition reactions occur at a more rapid rate.‘ The phe- 
nomenon of acceleration of reactions at higher temperatures indicates that in 
order for a molecule of palmitic acid to decompose it must be provided with a 
certain excess energy called the “activation energy.” In the normal state decom- 
position does not occur. In the activated state the reaction takes place directly. 
At room temperature the thermal motions are not sufficient to allow molecules 
to become activated at any finite rate. As the temperature is increased, more 
molecules on the average have an energy greater than that necessary to activate 
them, and so the reaction rate increases rapidly with rising temperature. The 
reaction may go at a relatively greater rate at lower temperatures in the presence 
of a catalyst, because the catalyst lowers the activation energy. In reactions of 
this type it is important to note that the rate of any reverse reaction which occurs 
is also increased. Hence simple activation or lowering of activation energy in a 
reaction does not alter the conditions of equilibrium. When an external source of 
energy acts upon the system it may have the effect of simple activation or it may 
affect the reaction in one direction more than it does the reverse reaction, thus 
displacing the equilibrium. Some of the reactions produced by alpha-particle 
bombardment are of the latter type. 

One possible approach to the subject of reaction rates involves a study of the 


4 It may be noted that many pyrolitic reactions can not occur at room temperature, since they 
have positive free-energy changes. They can occur at higher temperatures, however, because the free- 
energy change may vary with temperature, becoming negative at high temperatures. 
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forces between the reacting molecules and from this the calculation of the ac- 
tivation energy. This method (28) has achieved some success in recent years in 
spite of the extreme complexity of the calculations. As a result great progress has 
been made in understanding the factors which govern the kinetics of chemical 
reactions. Nevertheless, in most cases it is necessary to resort to a more or less 
empirical approach in order to determine the fundamental quantities which 
govern reaction rates. 

This approach involves predicting the rate of a chemical reaction at a particu- 
lar temperature by using the Arrhenius equation: 


K = Ae (r) 


in which K is the specific reaction rate, R is the gas constant per mol, T is the 
absolute temperature, £ is the “experimental activation energy,” and A the fre- 
quency factor. The equation has a certain theoretical basis. Nevertheless, one 
usually determines E and A experimentally at a given temperature. If they are 
true constants, K may be determined at other temperatures. Although there are 
some reactions in which £ and A are constant over wide ranges of 7, extended 
extrapolation generally is not reliable. The equation has been applied by Seyer 
(29) in determining the rate of decomposition of long chain hydrocarbons. Seyer 
concluded that temperatures of at least 150°C. are required to permit any appreci- 
able cracking to form lower molecular weight hydrocarbons in nature during 
geological time. 

Quantitative predictions concerning the rates of reactions in nature should 
always be preceded by a thorough study of the factors which might affect the 
reaction kinetics. Many of the most familiar chemical reactions are far from 
simple from the kinetic standpoint. It is well known that a mixture of hydrogen 
and chlorine will not react unless triggered by a momentary exposure to light or 
to metallic sodium. The rate of oxidation of carbon monoxide is strongly affected 
by the presence of small amounts of water vapor. The most familiar reaction of 
all—the combination of hydrogen and oxygen to form water—is complex. This 
reaction at moderate pressures and at temperatures below 500°C. occurs slowly, 
its rate depending primarily on the surface area of the confining vessel. When a 
certain critical lower pressure is reached, the reaction suddenly proceeds with ex- 
plosive violence. At a still lower pressure limit explosion no longer occurs, and the 
rate is reduced to a low value once more. From these facts it may be seen that the 
rates of reactions are frequently governed by apparently irrelevant factors. 
Caution should therefore be exercised in predicting what will occur in the geologi- 
cal environment from rates which have been determined under different conditions. 

A few of the most likely agents which might affect the rate of transformation 
of organic material in sediments are: (a) inorganic catalysts or inhibitors, (b) bio- 
chemical catalysts or inhibitors, (c) bacterial processes, and (d) radioactive 
radiations. In this paper the subsequent discussion is confined to radioactive 
radiations. 
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REVIEW OF RADIOACTIVE PHENOMENA (30, 31) 
RADIOACTIVE DECAY 


Radioactive substances are characterized by their spontaneous disintegration, 
that is, the atomic nuclei are unstable and decay to form a daughter substance. 
Among the natural radioactive materials, such changes occur in a series starting 
with an original element and proceeding through several transformations before 
the final stable end-product is reached. 

In the decay series certain atoms always emit beta particles; others always 
emit alpha particles. Beta particles are high-velocity electrons. Alpha particles 
are high-velocity helium nuclei. Immediately following the emission of an alpha 
or beta particle, a nucleus may also emit gamma rays which are highly penetrat- 
ing electromagnetic radiations similar to x-rays. 


RADIUM AND ITS DECAY PRODUCTS 


The best known radioactive series starts with uranium and includes as one 
member the element radium. The decay product of radium is the inert gas ra- 
don. After about 30 days essentially the same number of atoms of radon will be 
decaying in a given time as of the parent radium. Then the two elements are said 
to be in equilibrium. Equilibrium between radon and its decay products is 
reached in about 4 hours. The immediate decay products consist of RaA, RaB, 
RaC, RaC’, RaC”, and RaD, which constitute the so-called active deposit of 
radon. 

The customary unit for measuring radon is the millicurie, which is the amount 
of radon in equilibrium with one milligram of radium. Under these conditions as 
many radium atoms are breaking down to form radon as radon atoms are break- 
ing down to destroy the element. Hence the amount of radon remains constant. 
The number of disintegrations per second is 3.710’ per millicurie. Additional 
alpha particles are emitted by RaA and RaC’ in the active deposit. One curie 
(1,000 millicuries) of radon in the pure state occupies less than one cubic milli- 
meter under standard conditions. This amount of radon is so active that it will 
rapidly blacken a piece of x-ray film. 

Radon has a greater solubility in organic liquids than in water. Thus, if a 
water solution of a radium salt is in contact with oil, a large fraction of the 
radon will enter the oil. This is probably the reason that crude oils commonly 
contain radon in excess of the amount in equilibrium with the radium present. 


ENERGY LOSS OF ALPHA PARTICLES IN TRAVERSING MATTER 


Approximately go per cent of the energy liberated in the decay of radium and 
its products appears as the kinetic energy of the alpha particles. If the particles 
penetrate matter until they come to rest, this energy ultimately appears in the 
form of heat. There are important intermediate steps in this process, however. 
As a charged particle traverses the atoms of the surrounding material, it exerts 
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electrical forces on the electrons as it passes. Many of these electrons are at- 
tached loosely to the atoms of the material and are torn away by the attraction of 
the positively charged alpha particle. The atom which has lost an electron be- 
comes a positively charged ion. A number of electrons are accelerated sufficiently 
that they also produce ions. Many of the electrons attach themselves to neutral 
atoms, forming negative ions. Some exist alone in the free state. A positive ion 
plus a negative ion or free electron is called an “‘ion pair.” The energy of an alpha 
particle may be measured in terms of the number of ion pairs which it produces. 
For example, an alpha particle from the decay of a radium atom has an energy of . 
4.7 million electron volts’ and produces 135,000 ion pairs in air. Thus, on the 
average, 35 electron volts are expended in producing an ion pair in air. Since 
this is about twice the average energy required to produce an ion pair in air, about 
half the energy must go into processes other than ionization. 

An alpha particle can only traverse a few centimeters in gases under standard 
conditions. This distance is called the range. In the case of alpha particles from 
radium, the range in air under standard conditions is about 3.4 centimeters. Thus 
the intensity averages about 40,000 ion pairs per centimeter along the path. 
The intensity is considerably greater in liquids and solids, since the range is only 
about one-thousandth of that in air. 


CHEMICAL EFFECTS 
HISTORICAL 


Chemical effects accompanying the disintegration of large amounts of 
strongly radioactive material were observed almost from the first discovery and 
isolation of radium (32). The coloration of glass and porcelain, the odor of ozone 
in the air near the material, the decomposition of water in which radioactive salts 
were dissolved and the evolution of gas when radon came in contact with stopcock 
grease were familiar to the early workers. 

Ramsay and Soddy (33) determined the amount of hydrogen and oxygen 
liberated from water by the action of known amounts of radium and its active de- 
posit. Bragg (34) in 1907 calculated from Ramsay and Soddy’s data that the 
number of decomposed molecules of water roughly equalled the number of ion 
pairs that would have been produced in air by the radium used in the experiment. 
However, Bragg attached no especial significance to this fact. In 1911 Lind made 
a study of the formation of ozone from oxygen by the alpha particles from radon 
in equilibrium with its active deposit. From his results he was able to show that 
there was a relation between the number of molecules of ozone formed and the 
number of ion pairs produced in the oxygen. There was considerable discussion 
as to the validity of this relation, and the uncertainties were not properly resolved 
until 1919 when Lind (35) published the first of an extensive series (36) of papers 
on the chemical effects of alpha particles. 


5 One million electron volts= 1.6 X 10-* erg. 


RADIOACTIVITY AND PETROLEUM GENESIS 935 


SYNTHESIS OF WATER UNDER ALPHA-PARTICLE BOMBARDMENT 


Not only can water be decomposed by alpha-particle bombardment, but 
water vapor can be formed from hydrogen and oxygen in a similar manner (35). 
In Lind’s experiments pure oxygen and hydrogen were mixed with known quan- 
tities of radon in spherical glass bulbs of varying radii. The water formed in the 
reaction was absorbed by small amounts of drying agent fused to the inside wall 
of the reaction bulb. The disappearance of hydrogen and oxygen was followed by 
measuring the decrease in pressure. Observations were made over a period of 
many days. The results of a typical experiment are shown in Table II. In order 


TABLE II 
RESULTS OF ONE OF LIND’s EXPERIMENTS ON SYNTHESIS 
OF WATER BY ALPHA-PARTICLE BOMBARDMENT 
Volume of sphere: 32.58 cc. Diameter of sphere: 3.963 cm. 
Initial amount of radon: 139.6 millicuries 


Time Pressure Volume Percentage Percentage 
Days Sem in Decrease Reaction ‘adon A 
Mm. of Hg. in Ces. Completed Decayed 

° ° 437.1 ° ° ° 
° 20.67 391.1 1.972 20.29 14.36 (5.55) 
I 20.50 353.8 32872 36.73 28.65 5.29 
2 20.75 324.7 4.818 49.56 40.29 5-29 
4 0.0 207-3 5-905 61.66 §¥.33 5-38 
5 20.33 268.9 7.211 74.16 65.87 5.28 
6 23.75 247.6 8.127 83.58 76.96? 5.29 
9 22.58 235.8 8.630 88.76 83.29 5-31 
12 20.50 222.6 9.106 94.58 90.11 5-37 
15 3.50 220.5 9.287 95.52 92.45 5-25 
20 2.50 214.5 9-545 98.17 97-32 5.24 
31 1.00 210.3 9.723 100.00 99.62 5.26 
Av. 5.30 


* Volume decrease reduced to one atmosphere pressure. 


to interpret experiments of this type, Lind derived the following kinetic equation: 
Log P/Py) = A(E(t) — E(o) (2) 


where P is the pressure at the time ¢ when the amount of radon present measured 
in curies is E(#). Po is the initial pressure and A is a constant. 

Equation 2 is based on the assumption that the reaction occurring in any 
interval of time is proportional to the number of ion pairs produced in the reacting 
gas mixture by the alpha-particle bombardment. The constancy of A in Table IT 
is one proof of the validity of this assumption. In order to test this observation 
further, the proportions of reacting gases were changed in the direction both of 
excess He and of excess Oz over the stoichiometric ratio. Under these conditions 
A was not a constant unless proper correction was made for the change in ioniza- 
tion occurring in the new gas mixture. 

A careful study was also made of the effect of varying the size of the reaction 
bulb. It is evident that any pressure variation produced by a reaction is in- 
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versely proportional to the total volume of gas, that is, to the cube of the bulb 
diameter. On the other hand, an alpha particle travels farther in a large bulb than 
in a smaller one, thus producing ions at a rate proportional to the bulb diameter. 
A combination of these effects would result in the observed rate of pressure change 
being inversely proportional to the square of the bulb diameter for a given amount 
of radon. Comparison of the measured values of A for bulbs of various diameters 
D showed that within certain limits A is inversely proportional to D?. 

Increasing the bulb diameter beyond a certain limit ceases to produce an in- 
creased ionization, since the point is eventually reached where many of the 
alpha particles have lost all of their energy in the gas before reaching the walls 
of the bulb. Lind noted this effect but also found that, upon decreasing the size 
of the bulb, a lower limit for the validity of equation 2 could be determined. This 
effect was found to arise from the recoil atoms produced by the radioactive decay 
of the radon. In the disintegration of a radioactive atom by ejection of an alpha 
particle, the atom recoils in order that the momentum of the system remain 
constant. Although the velocity is relatively small and the resulting ionization 
therefore negligible under ordinary conditions, nevertheless when the bulb di- 
ameter is very small the ionization by the alpha particles is also small and the 
effect of the recoils becomes relatively larger. 

Lind not only verified that the ratio of réaction velocity to ionization, 
AM/AN, is constant for a given reaction, but he also obtained numerical values 
for this ratio for a number of important reactions (36). For example, this ratio 
was observed to be 3.8 for the synthesis of water from oxygen and hydrogen. 


CALCULATION OF IONIZATION 


The number of molecules, AM, reacting in a certain interval of time can be 
computed for a given reaction if the chemistry of the reaction is sufficiently well 
established. In order to determine the number of ion pairs produced, AN, the 
reactions must be studied in the gaseous state. The ionization produced by alpha 
particles in different gases has been the subject of extensive research (31). Radon 
is commonly used and is mixed with the gas to be bombarded in a spherical reac- 
tion vessel. For this geometry the rate of production of ionization can be com- 
puted provided the distribution of the radioactive atoms is known. By thorough 
mixing the radon can be distributed uniformly throughout the gas. At first it 
might be supposed that the active deposit migrates to the walls as soon as it is 
formed. Actually corrections must be made for the fact that some of the active 
deposit disintegrates in the gas before reaching the wall. The most recent discus- 
sion of the problem has been given by Glockler and Heisig (37). 


LIND’S CLUSTERING THEORY 


The constancy of AM/AN for a particular reaction led Lind to assume that 
the ions in the gas attracted neutral atoms by electrical polarization, forming 
clusters in which reactions occurred. It was later discovered that many reactions 
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are catalyzed by the presence of foreign gases. As an example, the polymerization 
of acetylene is unaffected by diluting the gas with nitrogen provided the number 
of ion pairs in both acetylene and nitrogen are included in the computation of 
AN (38). It is difficult to explain these observations on the basis of a clustering 
mechanism. Smith and Essex (39) and McGuiness and Essex (40) found that the 
rate of decomposition of ammonia is unaffected by the presence of moderate 
electrostatic fields. This result indicates that ions have little direct effect in pro- 
ducing this reaction. Although a theory based on clustering may explain some 
reactions, it fails in many cases. Eyring, Hirschfelder, and Taylor (41, 42) have 
given a theoretical treatment of the alpha-particle induced reactions of ortho- 
parahydrogen conversion and of the synthesis and decomposition of H Br. Hirsch- 
felder and Taylor (43) have also considered the oxidation of CO. Their interpre- 
tations of these reactions are not based on a clustering mechanism. 


ALPHA-PARTICLE BOMBARDMENT OF HyDROCARBONS 


The effect of alpha-particle bombardment of hydrocarbons is of particular 
interest in the study of the origin of petroleum. Lind has surveyed the extensive 
research on this subject (36). Since the work of Lind and Bardwell is the most 
complete, their more important conclusions are summarized. 


SATURATED HYDROCARBONS (1) 


Pure saturated hydrocarbons show only a slight change in pressure when 
attempts are made to follow their reactions manometrically. This is true particu- 
larly in the case of methane. Because of the lack of any detectable change in pres- 
sure, it was concluded from early experiments that methane is stable under alpha- 
particle bombardment. Later it became evident that reactions were taking place 
but that the products were of such a composition that little change in pressure 
resulted. For this reason a modified technique was employed. Carefully purified 
methane was mixed with radon and the reaction allowed to proceed for several 
hours. The temperature of the reaction vessel was then lowered to — 200°C. by 
immersion in liquid air boiling at reduced pressure. The hydrogen evolved in the 
reaction was pumped off and measured. At this temperature only a small amount 
of methane was removed with the hydrogen. The radon remained in the bulb, 
since it is solid at this temperature. The bulb was then allowed to warm to room 
temperature and the reaction proceeded for several hours longer when the freezing 
process was again repeated. After several of the reaction cycles the hydrogen and 
all of the methane were removed and the higher hydrocarbons produced by the 
bombardment were analyzed by low-temperature gas separation and combustion. 

A similar technique was employed in studying gaseous ethane, propane, and 
n-butane, except that the gas was pumped off at a higher temperature. Hence 
both hydrogen and methane were removed. In this case the methane was a reac- 
tion product rather than a primary reactant. Bombardment of these hydrocar- 
bons produced small but visible quantities of colorless oily liquids. The results 
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of these experiments are summarized in Table III. The ratios in column A are 
approximately 2, which led Lind and Bardwell to postulate that bi-molecular 
clusters are formed in the gas and that the reactions occur in these clusters. From 
the data in column C it is evident that the ratio of the production of hydrogen 
to the production of hydrogen plus methane is approximately %. Thus the pro- 
duction of hydrogen is approximately five times that of methane. Lind was un- 
able to draw any conclusion as to why the reaction producing hydrogen was more 


TABLE III 
SUMMARY OF EXPERIMENTAL RESULTS OF LIND AND BARDWELL 
ON CHEMICAL EFFECTS OF ALPHA-PARTICLE BOMBARDMENT 
OF PARAFFIN HyDROCARBONS 


Gaseous Products in Percentage of Te 
Hydrocarbon | 4 B Cc Original Gas Decomposed _ “nd 
Studied id 
H. | | | CoHs | |Higher| Liam 
Methane 2.2|1.32| — | 76.0 — | 15.52] 5.32] 3.15 | 1.20] 
Ethane 1.7 | 1.31 | 0.83 | 76.55 | 15.54 5-16] 11.04] .86] 
Propane 1.7 | 1.54 | ©.79 | 64.45 | 17.70 | 10.33 —_ 12.35 | 9.32 | CnH1.s3n 
Butane 1.8 | 1.44 | 0.84 | 69.20 | 12.70 | 13.85 | 11.46 _— 6.54 | CrH1.90n 


A, ratios of molecules of gas reacting to ion pairs produced in the gas. 

B number of molecules of hydrocarbons —- pes molecule of - produced. 

Cc. ratio of molecules of hydrogen to molecules drogen plus methane. 
probable. Column B shows that considerably less than two molecules of hydro- 
carbon react per molecule of hydrogen produced. Lind and Bardwell suggested 


that two reactions occurred with equal probability, namely, 


On this basis 4 molecules of methane would yield 3 molecules of hydrogen, cor- 
responding with a value of 1.33 for B. This value is in good agreement with the 
values of B observed for methane and ethane, but is lower than the values ob- 
served for propane and butane. 

Careful tests of the gaseous products established that no unsaturates remain 
in the gas phase. The empirical formula for the liquid product was obtained by 
subtracting the total carbon and hydrogen found in the gas phase after the reac- 
tion was completed from that present at the beginning. In all cases the number of 
hydrogen atoms is slightly less than twice the number of carbon atoms. This in- 
dicates either that the liquid is unsaturated or that cyclization has occurred. The 
condensation of the unsaturated products in this manner is quite different from 
the behavior of the products of thermal decomposition, since unsaturated gaseous 
products are very common in the pyrolysis of hydrocarbons. 


UNSATURATED HYDROCARBONS 


A number of widely differing unsaturated hydrocarbons have been studied 
(44, 45) but in general the reactions are sufficiently similar to those of acetylene 
and ethylene to limit the discussion to these hydrocarbons. 
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In the reaction of pure acetylene under alpha-particle bombardment, a yel- 
lowish solid polymer is formed. The product seems to be identical with the poly- 
mer cuprene which can be obtained by the high-pressure polymerization of acety- 
lene in the presence of hot copper and copper oxide. Nearly 20 molecules of 
acetylene disappear per ion pair. Lind and Bardwell suggested that a 20-molecule 
cluster was formed and that the reaction was 


20 C2H2 — (C2H2)e0. 


The alpha-particle bombardment of pure ethylene also results in polymeriza- 
tion and yields a liquid product similar in appearance to that obtained in the re- 
actions of saturated hydrocarbons. The ratio of molecules reacting to ion pairs 
produced is approximately 5. The reaction is not exclusively one of simple con- 
densation. A small amount of ethane and some hydrogen and methane are pro- 
duced. These products are not as prevalent as in the reactions of saturated hydro- 
carbons. Since ethylene has a double bond, its behavior evidently is intermediate 
between that of triple-bonded acetylene and the saturated paraffins. 

It has been found by Heisig (46) that the -AM/AN ratios for the reactions of 
hydrocarbons can be correlated with their heats of formation. Heisig suggests 
that the high values for unsaturated hydrocarbons are due to the fact that the 
reactions are exothermic and the liberation of reaction energy assists the condensa- 
tion process. 

HYDROGENATION 


Since catalytic hydrogenation of unsaturated hydrocarbons is well known in 
organic chemistry, it might seem likely that mixtures of hydrogen and gaseous 
unsaturated hydrocarbons would react under alpha-particle bombardment to 
form the corresponding paraffin hydrocarbons. Lind, Bardwell, and Perry (44) 
experimented with the hydrogenation of ethylene and acetylene at atmospheric 
pressure. The principal reaction was one of polymerization similar to that which 
occurred when pure acetylene or ethylene was bombarded. No saturated gaseous 
hydrocarbons were found in the bombardment of acetylene. In the case of ethylene 
only 1.3 per cent of ethane was formed. No experiments were attempted on 
higher unsaturated gaseous compounds and no liquid unsaturates were studied. 


REACTIONS IN ELECTRICAL DISCHARGE 


A comprehensive review of the chemical reactions in electrical discharge has 
been made by Glockler and Lind (47). There is a significant similarity in many of 
these reactions to those produced by alpha-particle bombardment. The work of 
Lind and Glockler (48) under American Petroleum Institute Project 8 is of par- 
ticular interest. Because of its relation to present consideration, this research is 
reviewed briefly. 

The effect of a semi-corona electrical discharge on methane, ethane, ethylene, 
propane, and butane was studied. It was found that this type of reaction pro- 
duces a liquid similar to that produced by alpha-particle irradiation. In order to 
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obtain a large amount of liquid for analysis, 12 Siemens-type ozonizers were set 
up. A potential of 12,000 volts was used for the discharge; 5,420 grams of butane 
passed through the apparatus over a period of 27} days; and 833 grams of liquid 
were obtained. The gaseous products were not studied. The liquid had a mean re- 
fractive index of 1.4600 and an average molecular weight of 178. The liquid was 
distilled into three fractions whose refractive indices varied from 1.3713 to 1.4855. 
The densities of the fractions were 0.74, 0.795 and 0.872. The boiling points 
ranged from o°C. at atmospheric pressure to 230°C. at 10-4 mm. Hg pressure. 
The results of repeated distillations showed that the liquid was a complex mixture 
of hydrocarbons. One fraction, selected from the second sub-fractionation, was 
compared with a hypothetical mixture of two octanes. The validity of the 
comparison seems doubtful. The fraction under study had a 22.5 per cent un- 
saturation as determined from halogenation tests, whereas the octanes are sat- 
urated paraffin hydrocarbons. 


REACTION MECHANISMS 


It has already been pointed out that there are certain limitations in the appli- 
cation of Lind’s theory of cluster formation to the chemical reactions produced by 
alpha-particle bombardment. For this reason a few facts are presented which may 
aid in understanding the reaction mechanism in the absence of a completely suc- 
cessful theory of the process. 


FREE RADICAL FORMATION IN PYROLYSIS 


A comparison of the reactions of decomposition of paraffin hydrocarbons by 
pyrolysis, by electrical discharge, and by alpha-particle bombardment indicates 
that in each case a simple primary compound is broken up and made more com- 
plex. In the case of pyrolysis an accepted reaction mechanism has been proposed 
by Rice and Rice (49). According to these authors the original hydrocarbon mole- 
cule suffers a rupture of carbon-carbon bonds forming free radicals. For n-butane 
typical processes of this nature would be 


CH;* + C3H7* 
C2Hs* + CoH 5*. 


These free radicals have unsatisfied valences indicated by asterisks and are, 
therefore, highly reactive. When a free radical collides with a stable molecule, 
reactions may occur. In one such reaction the radical replaces an atom of hydro- 
gen in the molecule. The hydrogen thus replaced is in the atomic form and is, 
therefore, also reactive. Instead of hydrogen, the radical may replace another free 
radical in the molecule. Since the free radicals which are present are not chemi- 
cally stable, they may decompose spontaneously before reactions with neutral 
molecules can occur. Such a decomposition may produce hydrogen and a stable 
olefin or another radical and a smaller stable olefin. The production of this com- 
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plex mixture of highly reactive atomic fragments which combine in many ways 
accounts for the complexity of the products. 

The rupturing of chemical bonds in a stable molecule requires energy. In 
pyrolysis this energy is provided by thermal collisions with other molecules. The 


activation which molecules obtain in this manner is such that there is little tend- - 


ency for the olefin fragments to condense at ordinary pressures. The resulting 
gaseous products contain a high percentage of unsaturated compounds. 


FREE RADICALS IN ELECTRICAL DISCHARGE 


In the decomposition of butane by electrical discharge there is evidently a 
similar complexity in the products. Lind’s work shows, however, that there is a 
tendency for the unsaturates to condense to form a liquid. The activation which 
molecules undergo in an electrical discharge is not usually a result of thermal 
collisions. The ions and electrons in the discharge after being accelerated by the 
electrical fields produce ionization as well as excitation and dissociation of mole- 
cules. Free radicals have not been found as yet in the electrical discharge. How- 
ever, it is known that ions of free radicals are produced in the direct bombardment 
of hydrocarbons by electrons (50). 


FREE RADICALS IN ALPHA-PARTICLE REACTIONS 


The presence of free radicals in gaseous hydrocarbons under alpha-particle 
bombardment has not been demonstrated. Nevertheless, since the assumption 
of reactions between free radicals may account for the complexity of the products 
of reactions of thermal decomposition, it seems reasonable to suppose that an 
important part is played by these molecular fragments in the alteration of hydro- 
carbons by alpha-particle bombardment. If this be assumed, it is of interest to 
consider how the rupture of the bonds in the hydrocarbon molecule might occur. 
In the case of certain pyrolytic reactions, the process in which the original energy 
of rupture is supplied to the molecules is amenable to approximate theoretical 
treatment (51). In reactions produced by alpha-particle bombardment, the prob- 
lem becomes extremely complex. This is due primarily to the fact that the trans- 
fer of energy from the original alpha particle to the hydrocarbon molecule is not 
a simple process. It has been mentioned previously that some of the ions which an 
alpha particle produces are a result of a direct primary encounter between the 
alpha particle and a molecule, but that the electrons which are ejected in this 
process usually have enough energy to produce a large amount of secondary 
ionization. That part of the energy which produces excitation and bond rupture of 
molecules rather than ionization is also given to the molecules partly in primary 
and partly in secondary encounters. The entire problem has been considered by 
Bethe (52), who was unable successfully to analyze it in detail. Nevertheless he 
concluded that the ratio of the energy which produces ionization to that which ex- 
cites the molecules or breaks chemical bonds is only slightly dependent on the 
velocity of the particle over fairly wide limits. Thus it may be expected that the 
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energy which produces excitation and bond rupture is always proportional to the 
number of ion pairs produced in the gas. Since the rate of chemical reaction is 
known experimentally to be proportional to the rate of production of ion pairs, 
Lind concluded that the reaction was intimately connected with the ionization. 
From the foregoing it is evident that the rate of reaction is also proportional to 
the rate at which the molecules are excited or suffer bond rupture. Therefore, the 
reaction mechanism may be just as satisfactorily explained from this point of 
view instead. 

Lacking a complete quantitative theoretical treatment of the process by 
which the initial energy of the alpha particle is transferred to and distributed in 
the molecule, one may nevertheless consider a few ways in which bond rupture 
may occur. The direct encounter of an alpha particle with a molecule may excite 
vibrational motions of the atomic nuclei which are sufficiently violent to break 
one or more chemical bonds. Even though the vibrational energy is not great 
enough at any point of the molecule to cause immediate rupture, it is possible for 
this energy to move around in the molecule and ultimately to be concentrated at 
one point in sufficient amount to break a bond. This process of direct dissociation 
may also occur if the molecule encounters a fast secondary electron. 

There are also indirect ways in which a molecule may be dissociated. The 
electrons in a molecule may be excited by an encounter with an alpha particle or 
fast electron. In this case the molecule has an abnormal amount of energy over 
and above any energy it may have by virtue of the motion of the atomic nuclei. 
Some of these excited electronic states of a molecule are of such a nature that the 
molecule is not stably bound but falls apart spontaneously. 

Even if the ions which the alpha particle produces in a gas do not cause a 
particular chemical reaction to occur directly, nevertheless the energy of ioniza- 
tion may ultimately provide molecular excitation when the ionized molecule cap- 
tures a negative electron. The molecule may also become excited by collision with 
another excited molecule. Thus there are many ways ja which energy may be im- 
parted to molecules by alpha-particle bombardment. Some of this energy causes 
bond rupture and some contributes to the reactivity of the molecular fragments. 


EFFICIENCY OF CONVERSION BY RADIOACTIVE MATERIAL IN SEDIMENTS 


It is evident that the possibility of chemical action by radioactive materials 
in sediments depends primarily on the extent to which the alpha particles emitted 
can act upon the organic constituents present. The distribution of these com- 
ponents greatly affects the efficiency of the process. If the sediment consists of 
large fragments of inorganic radioactive materials embedded in a matrix of finely 
divided non-radioactive organic constituents, the efficiency is small. On the other 
hand, if the radioactive materials and the organic constituents are closely associ- 
ated, as seems to be the case in many black shales, the efficiency of conversion is 
fairly high. 

To gain some idea of the order of magnitude of the radioactive conversion it is 
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necessary to limit the number of geological variables. For this purpose three 
models have been chosen which might approximate the sedimentation in a stag- 
nant near-shore marine environment. 


CONVERSION IN UNIFORM HOMOGENEOUS SEDIMENT 


The simplest model which might be considered would be a uniform fine- 
grained sediment in which the organic and inorganic constituents are intimately 
mixed. If the mean grain size is small in comparison with the ranges of the alpha 
particles, the sediment is homogeneous for all practical purposes. This condition 
is adequately fulfilled if the major dimensions of the majority of the sedimentary 
particles are less than 5 microns, and if the radioactive constituents and the or- 
ganic materials are uniformly distributed throughout the finely divided matrix. 

The number of molecules converted per second per gram of sediment will be: 


dM AM \ dN AM 
dt AN / dt AN 


(AM/AN) is the characteristic ratio of molecules converted to ion pairs produced 
and is determined by the particular chemical reaction under consideration. J is 
the total number of ion pairs per second produced by the alpha particles per gram 
of sediment. The concentration C of organic material in grams per gram of sedi- 
ment is included since only the ions produced in the organic material are effective. 
Equation 3 assumes that the ionization per centimeter of alpha particle track is 
proportional to the density of the material traversed. This assumption is neces- 
sarily made lacking more precise information concerning the molecular weights 
of sedimentary organic materials. It is doubtless sufficiently accurate for the 
present calculation. The total ionization of a radioactive series per gram of parent 
element is equal to the number of electron volts of energy emitted per second per 
gram divided by the mean energy in electron volts necessary to produce an ion 
pair. According to Evans and Goodman (53), the alpha particles from the ura- 
nium and actino-uranium series produce 5.5 X10" electron volts per second per 
gram of uranium. For the mean energy per ion pair in complex organic materials 
the value 27 volts is not seriously in error (54). Thus one gram of uranium pro- 
duces about 2.0X10!" ion pairs per second. Similarly one gram of thorium pro- 
duces approximately 5.6 10° ion pairs per second. Equation 3 thus becomes 
(=) clo X 10! U + 5.6 X 10° Th] (4) 


U and Th are the concentration of uranium and thorium in the sediment in grams 
per gram. (AM/AN) should be approximately unity. For C the value of.0.025 is 
assumed. Bell, Goodman, and Whitehead (2) found that the five shales which 
they measured had a radium content corresponding to a value for U of approxi- 
mately 2.7X10-*, A thorium-uranium ratio of 3 seems to agree roughly with 
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Evans and Goodman’s averages for sedimentary rocks (53). Thus a value of 
8X 10~ is used for thorium. Assembling these data in equation 4 gives 

dM 

rs = 1 X 0.025 X [2.0 X 10" X 2.7 X 107-6 + 5.6 X 109 X 8 X 1075] 

= 2,500 molecules per second per gram of sediment. 

By assuming a mean molecular weight of 250 for the organic material, about 
4X10~4 gram of organic material would be converted per gram of sediment in 
one million years, or roughly § of the total organic material in 100 million years. 


CONVERSION IN LAYERED SEDIMENT—UNIFORM DISTRIBUTION OF RADIOACTIVITY 


It is possible that in certain cases marine shales are deposited in seasonal 
strata. Figure 2 represents this model in which the strata have a uniform spacing 
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Fic. 2.—Layered sediment assumed in calculating F factor. 


T. Each stratum consists of two parts, namely, a layer of thickness D having a 
uniform distribution of organic and inorganic material and the remainder con- 
sisting of inorganic material. Two cases may be considered. In one the radioactive 
material is uniformly distributed throughout the sediment. In the other it is con- 
centrated in the organic layer. 

In the case where the distribution is uniform the numerical results are identi- 
cal with those of the uniform homogeneous sediment, since variations in the dis- 
tribution of organic material do not alter its accessibility to the alpha particles, 
provided the distribution of radioactivity is truly uniform. The grain-size limita- 
tion for a uniform homogeneous sediment applies to this case also. 


RADIOACTIVITY CONCENTRATED IN ORGANIC LAYER 


To illustrate how the efficiency can be influenced by variations in the relative 
distribution of radioactive material and of organic constituents, it is assumed for 
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the moment that the radioactive material is concentrated in the organic layer. 
In this case equation 4 becomes 
dM ) CXF 


dt 


The efficiency factor F has been introduced in order to allow for the fact that a 
certain amount of the radiation is effective outside of the organic layer. This 
portion of the ionization does not affect the organic material. In this expression, 
K is the ratio of D, the thickness of the organic layer, to 7, the thickness of the 
annual stratum. It appears in the denominator since now the concentration of 
radioactive material relative to organic material is 1/K times what it was in the 
case of the homogeneous sediment providing the mean density of the layer and 
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[2.0 X 10 U + 5.6 X 10° Th]. (5) 
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Fic. 3.—Graph of F versus 7/R for various values of K. 


sediment are not very different. An approximate expression for F has been com- 
puted in the appendix as a function of D/R where R is the range of the alpha 
particles from a given member of the uranium or thorium series. Its variation 
with T, R, and K is shown in Figure 3. Instead of a laborious calculation of F for 
each member of the uranium and thorium series an effective value of 0.03 mm. 
for R will be assumed. In some cases it is evident that marine shales are deposited 
at the rate of 500 feet per million years (55). One may thus adopt a provisional 
value for T of 0.15 mm. Assuming organic deposition during 3 months of the year, 
K would be 3. Corresponding to these figures, F given in Figure 3 would be 0.8. 
Thus the rate of conversion would be 0.84 times as much as in the case of the 
homogeneous sediment, namely, ? the total organic content in 100 million years. 

If instead of being concentrated in the organic layer the radioactive material 
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were concentrated in the other part of the stratum the corresponding value would 
evidently be (1—0.8) X (4/3) times the conversion in a homogeneous sediment, or 
1/30 of the organic material in 100 million years. 

The present calculations can be considered as giving only approximate results, 
since large uncertainties exist in the quantities which enter the equations. Never- 
theless, the method illustrates an attack which might be useful if more data were 
available. Although the assumptions made as to the distribution of radioactive 
material in layered sediments may appear to be highly artificial such calculations 
serve to illustrate to what extent the efficiency of conversion depends on the 
relative distribution of radioactive constituents and organic material. The values 
for U and Th used in the foregoing calculations represent measured averages for a 
relatively few selected shales. Beers (7) has found that certain organic black shales 
have enormously greater activity than those measured by Bell, Goodman, and 
Whitehead. His data would indicate that conversion rates 10-40 times as great 
are possible. 


CONVERSION BY PRIMARY RADIUM 


Certain marine organisms have been found to concentrate radium 100-fold 
over the radium content of ordinary sea water. It is, therefore, of interest to con- 
sider whether during deposition they contain sufficient primary radium to pro- 
duce any appreciable conversion of the organic matter. In this case the organic 
material is intimately associated with the radium and the efficiency might be 
very high indeed. 

It is assumed that there is no primary uranium precipitated and the radium 
decays to half its initial amount in 1,600 years. In 10,000 years practically all of 
this radium will have disappeared and the only remaining radium will be that 
which is in equilibrium with its parent material derived from the sediments them- 
selves. According to Evans, Kip, and Moberg (6), the order of magnitude of the 
radium content of marine creatures is ro“ gram of radium per gram or 27 X 10° 
atoms of radium per gram of organic material. The decay of each radium atom 
ultimately produces 1.1X1o® ion pairs. Assuming as before a mean molecular 
weight of 200, there would be 10~* gram of organic material converted. Evidently 
this amount of conversion is insignificant in the problem of petroleum genesis. 


EFFECT OF INORGANIC CONSTITUENTS 


The major constituents of sediments are inorganic. In addition to the solid 
inorganic constituents, large amounts of water are held in the deposits partly as 
water of hydration, partly adsorbed and partly present in the interstices. These 
inorganic materials not only absorb the alpha particles, thus reducing their ef- 
fectiveness in bombarding the organic material, but also they may react chemi- 
cally under alpha-particle bombardment. A typical reaction of this nature is the 
decomposition of water into hydrogen and oxygen (36). In this reaction the 
freshly formed hydrogen and oxygen are highly reactive. Their effect on the oxi- 
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dation-reduction potential of the sediments may be of considerable importance. 
It seems likely however that other stabilizing agencies are at work which will out- 
weigh the long-term effect of the radioactive bombardment. Nevertheless there is 
still insufficient information to permit the chemical effects of the inorganic con- 
stituents to be evaluated. 


UNSATURATED HyDROCARBONS AND HYDROGEN AS REACTION PRODUCTS 
UNSATURATED HYDROCARBONS 


Analyses of crude oils usually indicate that the mean ratio of carbon to hy- 
drogen is considerably higher than that corresponding with saturated aliphatic 
hydrocarbons. This fact primarily indicates the presence of naphthenic and aro- 
matic compounds. However, this ratio may also be indicative of the presence of 
unsaturated hydrocarbons, containing double- and triple-bonded carbon linkages. 
It would seem unlikely that large amounts of these more reactive molecular spe- 
cies would persist in nature for long periods of time. Nevertheless, this question 
is not easily answered. It is difficult to determine the amount of unsaturation in a 
complex mixture of hydrocarbons. The conventional tests are not entirely reliable. 
The fact that the distillation products from crude oils take up bromine or iodine 
to some extent may be attributed to reactions of replacement of hydrogen rather 
than simple addition to double bonds (56). Also the possibility of cracking during 
distillation must not be overlooked. 

The presence or absence of unsaturation serves as a rough means of comparing 
crude oils with the products of bombardment. According to Lind, the liquid 
product in the case of the lighter hydrocarbons has about twice as many hydrogen 
atoms as carbon atoms. This would indicate either a certain amount of unsatura- 
tion or of ring formation. The only published tests of unsaturation by halogen 
addition were made on the somewhat similar liquid product from the semi-corona 
electrical discharge. The results indicated that many of the molecules of the 
liquid contained olefinic double bonds. 


HYDROGEN 


The presence of large amounts of hydrogen as a reaction product of hydrocar- 
bon bombardment was noted by Lind and Bardwell (1). These authors considered 
the extreme rarity of hydrogen in published analyses of natural gases and dis- 
cussed the possibility that it might have been removed by the reduction of 
metallic oxides (1). It has also been suggested that hydrogen might escape by se- 
lective diffusion (2). It is not certain that these large amounts of hydrogen actu- 
ally occur in the sedimentary environment during the bombardment of organic 
materials by alpha particles. The reactions which have been studied in the 
laboratory have all been conducted at pressures of one atmosphere or less. Under 
high pressures it seems possible that the production of hydrogen would be in- 
hibited, or that hydrogenation of the liquid product would occur. However, no 
certain conclusions can be drawn at the present time. 
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FURTHER RESEARCH 


It is clearly evident that further research along many lines is needed before 
the réle of radioactivity in petroleum genesis can be properly evaluated. This re- 
search should include a study of the decomposition by alpha particles of high 
molecular-weight hydrocarbons, fatty acids, amines, amino acids, and possibly 
complex waxes and resins. Although it is known that chlorophyll is decolorized by 
alpha-particle bombardment, the precise nature of the process is not understood. 
For this reason the effect of alpha-particle bombardment of porphyrin pigments 
should be investigated. 

A further survey of the radioactivity of recent and of ancient sediments 
should be made. The fragmentary measurements of the radioactivity of connate 
waters, of crude oils and of the associated natural gases should be greatly ex- 
tended. The solubility of radon in typical crude oils is also of interest. 


CONCLUSIONS 


In this survey of the origin of petroleum from the physicist’s point of view, no 
conclusions can be drawn as to whether or not radioactive processes are significant 
in petroleum genesis. It is evident that like many complex problems which arise 
in the study of natural processes several branches of science are involved simul- 
taneously. Before a solution may be found the codperative attention of specialists 
in chemistry, biology, geology, and physics must be focussed upon it. The present 
discussion must be considered as a preliminary formulation of the problem prior 
to future research. 

The writer wishes to acknowledge the support of the American Petroleum 
Institute and the helpful advice of the Advisory Committee of Project 43c. The 
diligent assistance and encouragement of the physical director, Professor Clark 
Goodman, has contributed much to the paper. Professors A. A. Morton and C. C. 
Stephenson of the M. I. T. chemistry department have read and criticized the 
chemical sections. The section on porphyrins has benefited from a discussion 
with Professor Morton. 

APPENDIX 


EFFICIENCY FACTOR F 


In Figure 4 is shown the part of the annual stratum which contains the radio- 
active material. Radioactive atoms within this layer emit alpha particles uni- 
formly in all directions. Alpha particles originating from a point at a depth h in 
the layer traverse part of the layer, but if / is less than R, the range of the alpha 
particles, a fraction of the ionization is effective outside of the layer. According to 
Geiger (57), the remaining ionization which an alpha particle produces if it travels 
a distance s is Ks*/*, where K is a constant of proportionality. Thus, the total 
ionization which an alpha particle produces is KR*/*, The fraction of the alpha 
particles from a point at a depth 4 emitted within the cones which make angles 
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Fic. 4.—Coérdinate system used in calculation of F. 


6 and 6+4d@ with the axis is equal to } sin 6 d0. The fraction of their total ioniza- 
tion which is produced beyond the boundary is, therefore, 


—2/3 


dI = (R— hsec 6)? sin 6d0 


2 


I 
=— <(: dx, where x = cos 6. 
2 Rx 


This may be integrated to obtain the fraction of the ionization per alpha particle 
which is produced above the boundary. 


h \28 
h=(1-f)=— (:-—) dx, 


2</h/R 


where f is the fraction produced below the boundary. Expanding in a series, in- 
tegrating and taking the first few terms: 


(x — f) — 1.14h/R + 2/3(h/R) log h/R + 0.11h?/R?). 


The alpha particles which originate at a depth # are produced by the material 
in a lamina of thickness dh. The fractional contribution which they make to the 
total ionization above the plane is therefore (1—f) (dk/D). 
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The total ionization per alpha particle of all laminae both above the top sur- 
face and below the bottom is then 


=(1-—F)~ /D [ — 1.14h/R + 2/3h/R log h/R + 0.11h?/R*)dh 


thus 

1 — — 0.57h?/R + .037h8/R® + (h®/3R)(log h/R — 3) |? 

= 1 — 0.74D/R + 0.04D?/R? + (D/3R) log D/R. 

The fraction of the ionization per alpha particle which is effective within the 

layer is 
forD<R, F2&D/R(0.74 — 0.04D/R — 0.33 log D/R) 
~ KT/R(0.74 — 0.04KT/R — 0.33 log KT/R) 
for D=R F = 0.70 ‘ 


D—R+0.70R 
for D>R F= = 1 — 0.30R/D 
R 
= 1 — 0.30 — 


K is the ratio of D to T the thickness of the annual stratum. In Figure 3, F is 
given as a function of T/R for various values of K. 

This expression for F is not valid for the case where the intervening non-or- 
ganic layer is so thin that alpha particles may traverse it and be effective in ad- 
jacent organic layers. However, this case is very close to that of a uniform homo- 
geneous mixture of radioactive material with inorganic constituents and can be 
treated from that standpoint. 
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TUMEY SANDSTONE (TERTIARY), 
FRESNO COUNTY, CALIFORNIA! 
JOHN ZIMMERMAN, Jr.? 

San Jose, California 
ABSTRACT 


In the Ciervo Hills of western Fresno County, California, the Kreyenhagen formation in outcrop 
contains three members: the lower Kreyenhagen shale, the Tumey sandstone lentil, and the Tumey or 
upper Kreyenhagen shale. The Tumey sandstone crops out as a lens about 9 miles long and up to } 
mile wide in the shales of the Kreyenhagen formation. The major conclusions of this investigation are 
that the Tumey sandstone is conformable with both superjacent and subjacent members, that the 
sediments are of Sierran provenance coming from a land mass of high relief with abundant rainfall, 
and that the sands were deposited in warm-temperate, marine waters of the neritic zone of the cur- 
rent-swept Vallecitos channel during a part of Refugian (early Oligocene and late Eocene) time. 


INTRODUCTION 


In 1935 E. R. Atwill, following a period of field work in the Cantua-Panoche 
district of western Fresno County, California (Fig. 1), published a report in 
which he named the Tumey formation. The present investigation is a continua- 
tion of that of Atwill. A more detailed study of a smaller area has yielded addi- 
tional information regarding the molluscan fauna, structural relationships, 
lithology, and possible origin of the Tumey sandstone. 

Two new geographical names are used in this report to facilitate descriptions. 
The name Holotype Canyon is used for canyon of the type section of the Tumey 
sandstone (Sec. 16, T. 16 S., R. 13 E.) on Paratype Gulch for the adjoining canyon 
on the south where the best exposure of the upper Kreyenhagen or Tumey shale 
is found. 

Field mapping in the summer of 1941 was carried out by use of airplane photo- 
graphs as a base. 
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Refugian climate. 
HISTORICAL REVIEW 


The earliest geological work in this area appears to be a study by Robert 


Anderson (1905), who noted that “in places in the formation [the Kreyenhagen], — 


gray sandstone is an important constituent.” 

Four years later Anderson and Pack (1915) published their report on this 
region, and on their map they considered the Tumey sandstone as faulted “‘Va- 
queros” in the Kreyenhagen shale. They also recognized the angular unconform- 
ity between their “Vaqueros” (Temblor) and the subjacent rocks in this area. 
They assigned the entire thickness of the Kreyenhagen formation questionably 
to the Oligocene. 
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The next important work was that of Condit (1930), who divided the Kreyen- 
hagen formation into four “horizons.” His lowest, the ““D” horizon, included the 
shale below the Tumey sandstone, the latter unit being his “C” horizon. The up- 
per Kreyenhagen or Tumey shale was his “‘B” horizon with the “Zeda’’ zone as 
the “A” or uppermost horizon. Condit recognized unconformities between his 
“C” and “D,” between “A” and “B,” and between “A” and the overlying Tem- 
blor. 

Jenkins (1931) surveyed the problem of the Kreyenhagen formation and re- 
viewed the literature pertaining to the formation as a whole. 

Reed (1933) mentioned this area in connection with Oligocene fossils from 
“north of Coalinga.” He also mentioned (p. 153) that the supposed unconformi- 
ties within the Kreyenhagen formation may be due to discontinuous deposition. 

The next contribution was that by Atwill (1935) who designated the upper 
part of the Kreyenhagen formation as a separate formation of Oligocene age. He 
proposed the name ‘“‘Tumey formation” for the sand and shale sequence, the 
lower one to be known as the Tumey sandstone and the upper as the Tumey 
shale. 

When the Refugian stage was proposed (Schenck and Kleinpell, 1936), the 
Tumey formation was included within this stage, which was regarded as upper 
Eocene or Oligocene, the exact correlation with the European column being 
questionable. Kleinpell (1938) later mentioned the Tumey sandstone in connec- 
tion with the Refugian stage, but presented no additional information. 

Reed (1941), in discussing the geologic history of California, stated that the 
area now occupied by the Tumey sandstone in outcrop was in the San Benito 
trough—the straits between the proto-San Joaquin Valley and the Pacific Ocean. 
He stated that the waters of the inland sea (the present San Joaquin Valley) were 
probably deeper than those in the trough. 

Little has been published concerning the fossils from the Tumey sandstone 
subsequent to Atwill’s paper. Schenck (1936) recorded Acila shumardi Dall in 
the Tumey sandstone, and, using this along with other material, suggested this 
horizon as being ‘‘Middle Oligocene” in age, as the term was then used. Merriam 
(1941) figured a specimen identified as Turritella variata lorenzana Wagner and 
Schilling collected from the Tumey sandstone of the Tumey Gulch area. Hanna 
and Hertlein (1941) figured a specimen of Macrocallista pittsburgensis Dall taken 
from the “Leda” zone of the Kreyenhagen (Tumey) shale in the first deep canyon 
north of Arroyo Ciervo. 

STRATIGRAPHY 
INTRODUCTION 

The Tumey sandstone occurs as a large lens or lentil in the shale of the Krey- 
enhagen formation. The lower Kreyenhagen shale crops out. west of the Tumey 
sandstone and the upper Kreyenhagen or Tumey shale on the east, all beds dip- 
ping northeast. 


fe 
| 
| 
+ 
: 
4 


956 JOHN ZIMMERMAN, JR. 


The Kreyenhagen formation crops out continuously along the west side of the 
San Joaquin Valley for many miles both north and south of this area. The outcrop 
appears as a strip paralleling the valley, but the entire extent of the formation is 
much greater, as it is penetrated by wells far out into the valley. 

Due to erosion, some of the upper Kreyenhagen (Tumey) shale has been re- 
moved; therefore, instead of cropping out as a true lens in the shale, the Tumey 
sandstone owes part of its lens shape to overlap by younger rocks. This lens-like 
exposure is visible for a distance of about 9 miles with a maximum width of § mile. 

Superjacent to the Tumey sandstone is the shale member named “Tumey 
shale” by Atwill (1935). In outcrop, this shale forms a tongue projecting north- 
west into an area of Tumey sandstone on the west and Temblor, the superjacent 
formation, on the east edge. South of where the Tumey sand lenses out, the upper 
Kreyenhagen or Tumey shale forms one cartographic unit with the lower Krey- 
enhagen shale. 

In certain parts of the area, the upper part of the Tumey shale has been sub- 
divided by some workers into an upper “Leda” zone and the Tumey shale proper, 
separated by an unconformity. As these two units are lithologically very similar, 
form only one cartographic unit, and since the contact between the two is indis- 
tinct in most places in this area, this unit was not mapped separately from the 
other part of the shale. 

Immediately above the upper Kreyenhagen or Tumey shale lie strata locally 
called the Temblor formation. Above this formation and cropping out in a narrow 
belt along the foothills are younger Miocene beds of marine origin overlain by 
younger continental deposits. 

LOWER KREYENHAGEN SHALE 


The lower Kreyenhagen shale in general is a buff to brown siliceous shale, 
weathering white to a light cream color. In places, gypsum in the form of veins 
and earthy gypsite constitules a conspicuous part of the shale, especially in the 
vicinity of Tumey Gulch. The bedding is regular—3 to 2 inches on the average— 
except near Tumey Gulch and in other places where it is distorted by commonly 
occurring sandstone dikes. The shale varies from the soft, punky type to hard, 
brittle, platy, and porcelaneous varieties. 

Numerous samples of the lower Kreyenhagen shale taken from the upper 400 
feet failed to produce well preserved diagonostic microfossils other than diatoms. 
In Paratype Gulch one sample from the shale immediately below the Tumey 
sandstone contained casts of Dentalina sp. and Plectofrondicularia sp. Several 
specimens of Delectopecten lillisi (Hertlein) were collected from the lower Kreyen- 
hagen shale. These also occur near the top of the Tumey shale in Paratype Gulch. 


TUMEY SANDSTONE LENTIL 


The type locality of the Tumey sandstone lentil is in the S. } of Sec. 16, T. 
16 S., R. 13 E., M.D.B. & M. This is about 4 miles southeast of Tumey Gulch in 
Holotype Canyon where the best exposures can be observed. 
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This sandstone has been known to the geologist and the layman for some time 
as the “buckshot sand,” due to the large percentage of black pebbles of buckshot 
size in the lower strata. In general, the Tumey sandstone grades from coarse sand 
with some conglomerate near the base through medium-grained sand into fine 
sand, finally passing into the superjacent Tumey shale. 

Several features help in differentiating the Tumey sandstone from others in 
this area. The foremost is that of the black pebbles of chert and other fine-grained 
rocks. These pebbles range in size from 4 or 5 millimeters down to a fraction of a 
millimeter, are subangular to subround in shape, and are ordinarily black and 
well polished in appearance. They are most numerous in the size range of buck- 
shot, that of about 1 mm. : 

Several thin sections were made of a number of these pebbles. Many of them 
are black chert, but not as many as previously reported. A great many are fine- 
grained rock which A. C. Waters* said could be either a silicified hornfels or devit- 
rified glassy lava. Fresh andesite and possible dacite pebbles are also present. 
Many of the pebbles show metamorphism, shearing, and silification of the orig- 
inal rock. 

In the course of the investigation, samples from the Wheatland formation 
near Marysville, Yuba County,‘ were compared with the Tumey sandstone. It 
was surprising to note how closely the rocks from these two localities resemble 
each other both in appearance and in petrography. Anderson (Clark and Ander- 
son, 1938), in describing the Wheatland formation, recorded the presence of 
andesite, black chert, quartzite, altered porphyries, and milky quartz, all of which 
with the exception of the quartzite, are found in the Tumey sandstone. Anderson® 
has confirmed the close similarity, stating that the Tumey sandstone is favorably 
comparable with the middle part of the Wheatland formation in lithology. 

In color, the Tumey sandstone on the fresh surface is bluish gray, becoming 
more brownish near the top of the lentil. Well cores show that this is true also in 
the subsurface section. Nearly all parts appear brown on the weathered surface. 

Bedding in most exposures is not well developed. Here and there thin layers 
of ash-colored shale best show the bedding of the sandstone mass. These shale 
strata are for the most part only a few inches thick, are platy and brittle, light 
buff-colored, and, according to some workers, contain poorly preserved fora- 
minifers. Cross-bedding was not observed. Jointing is commonly insignificant. 

What appear to be large lenses of calcareous sandstone form short ridges and 
elongate mounds at various places along the soil-covered hillsides. These lenses 
are not continuous, nor are they confined to any one stratum. Concretions in the 
form of limonite and calcite-cemented masses of sandstone occur irregularly 
throughout the section. 


3 Personal communication. 


4S. U. Locality 2367. Yuba County, Spenceville Quad., E. bank of Dry Creek about 300 feet E. 
of SW. corner of NW. 4, SW. 3, Sec. 7, T. 14. N., R. 6 E., projected into Johnson Rancho. 


5 Letter to the writer, dated February 19, 1942. 
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Shell fragments constitute an important part of the lower 100 feet of the 
Tumey sandstone. Calcite derived partly, if not wholly, from the leaching of these 
fragments forms the cement of the sandstone. Gypsum in the form of veins, pock- 
ets, or lenses, and as a cement, is also found in this part of the sandstone. This 
occurrence of gypsum is probably secondary. 

Mechanical analyses were made of the Tumey sandstone from two parts of 
the section, one from ‘‘Bed X’”6 and one from the fossiliferous reef.’ 

Histograms and other graphs were drawn to show the sorting of these sands. 
The results demonstrated that sorting is poor in the buckshot sand but is some- 
what better in ‘“‘Bed X” as shown in the following tabulation. 


Buckshot sand “Bed X” 
Maximum size mm. I. mm. 
Average size (by weight) 0.5 mm. 0.15 mm. 
Sorting coefficient 1.87 1.29 
Skewness 0.8255 1.095 


Another lithologic feature of the Tumey sandstone is the conglomerate near 
the base of the sand. At the north end of the sandstone exposure in Tumey Gulch, 
this stratum consists of a few fragments of shale of cobble size in the fossiliferous 
part which here is within 25 feet of the base of the sand. In Holotype Canyon this 
bed is about 50 feet above the base of the sand, is about 4 feet thick, and is situ- 
ated just above the fossiliferous part of the section. At this point the conglomer- 
ate is underlain by a stratum 3 feet thick of fine sand, previously referred to as 
“Bed X.” In the first large canyon north of Arroyo Ciervo, this conglomerate 
attains a thickness of 50 feet, but on the north side of Arroyo Ciervo where the 
Tumey sandstone lenses out due to overlap, the conglomerate is limited to a few 
scattered pebbles near the base of the sand. To summarize the foregoing, the 
conglomerate appears to decrease gradually in thickness from a maximum of 
more than 50 feet to near absence within a distance of about one mile south but 
more than 6 miles north. 

The composition of this conglomerate for the most part is angular to sub- 
rounded fragments of shale, limestone, and calcareous shale, varying in size from 
1 inch to 7 or 8 inches. No igneous or metamorphic rocks were found at any of the 
outcrops studied. The shale fragments vary in hardness, some being hard, brittle, 
and fresh looking, others appearing partly or totally decomposed. In some places 
only the space which the cobbles once occupied now remains. Some of these shale 
cobbles were treated for microfossils, but none yielded any paleontologic evidence 
of origin or age. Many of the fragments are dark brown, highly calcareous shale 
with thin layers of mud, unlike any of the subjacent Kreyenhagen shales in this 
region. Some of the more angular, platy fragments, however, resemble the Krey- 
enhagen shale. 


6S. U. Locality 2362. Fine-grained, poorly consolidated stratum just below conglomerate bed, 
50 feet above base of sand. Holotype Canyon. 


7 Same locality, composite of buckshot sand, 5-10 feet stratigraphically below “Bed X.” 
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A study of the minerals of the Tumey sandstone produced some significant 
results. The light minerals (specific gravity less than 2.96) consist mainly of the 
following detrital minerals: quartz (75 per cent), orthoclase, plagioclase, and 
muscovite. Chert and other rock grains composed a large part of the rock, in 
places up to 25 per cent. Quartz is predominint over the other minerals with one 
exception. In the pebbles from 2 to 4 mm., black chert-like rocks are more numer- 
ous than quartz. With a decrease in size, the quartz content increases and the 
black pebbles decrease. The quartz includes both clear and milky varieties, the 
clear being somewhat more abundant, and appears to be fresh and angular, 
whereas most of the feldspars have a thin coating of weathered material on the 
surface. Glauconite was not found in any of the samples analyzed in the labora- 
tory or observed in the field. 


TABLE I 
CHECKLIST OF HEAVY MINERALS OF TUMEY SANDSTONE 
Mineral Occurrence 
A B Cc 
Percentage 


A. Composite sample from fossiliferous reef, 50 feet above base of Tumey sandstone. Loc. 2362. 
e Sample from “Bed X”’; fine-grained sand ‘ 5 feet stratigraphically below ‘‘A.” Loc. 2. 


Analyses by Robt. Bayles (Ms.). Tumey sandstone from Tumey Gulch, 50 feet Jo -o base. Loc. 2361. 

a. Abundant on every slide. 15~20 per cent. 

c. Common on every slide. ro-15 per cent. 

. Present on every slide. s—1o per cent. 

r. Rare, not found on every slide. 1-5 per cent. 

The contact between the Tumey sandstone and the superjacent Tumey or 
upper Kreyenhagen shale is gradational. This is well shown on surface exposures 
and from the well logs. The sand becomes increasingly finer and the shales inter- 
bedded with the sands become more abundant near the contact. This gradation 
makes it difficult to locate accurately this contact, especially in well logs. 

Workers disagree regarding the nature of the contact separating the Tumey 
sandstone and the subjacent lower Kreyenhagen shale. Those favoring an uncon- 
formity use such evidences as discordant relationships between the sandstone and 
shale, the conglomerate bed near the base of the sand, and the uneven surface 
separating these two units. 

Several features favor the inference that these two rock units are conformable. 
First, a gradational contact was observed in several places. Second, the discord- 
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ant relationships which might be considered an angular unconformity may be 
explained as due to numerous sandstone dikes at and near the contact. Third, 
submarine scouring is not an uncommon agent for such “uneven” surfaces at 
contacts of sand and clay. Fourth, no one has demonstrated that the unconform- 
ity, if one exists, extends beyond the point where the sandstone occurs in outcrop. 
If there were an unconformity at this horizon, it might be recognized in the shale 
facies of the formation. Fifth, the logs of wells drilled into this formation show a 
decided interbedding and gradation of shale and sand near the contact far more 
pronounced than observed in outcrop. 

In Paratype Gulch one can see on the north side of the canyon what appears 
to be an angular unconformity where the two members have as much as a 60° 
discordance between them. On the opposite wall of this canyon, less than 100 feet 
away, a distinct gradational contact can be clearly seen. When observed at differ- 
ent places along the strike, the apparent unconformity appears to be caused by 
numerous sandstone dikes extending down into the shale from the sandstone 
above. These dikes in places have caused marked disturbances in the attitude of 
the shale, while in other places they have little or no effect. 

The presence of the conglomerate bed near the base of the sand can not be 
considered positive evidence of an unconformity. This bed is locally underlain by 
fine sand, and nearly everywhere by about 50 feet of coarse sand, and in places 
the conglomerate is almost totally absent, especially at both ends of the surface 
outcrop. Many of the cobbles are unlike any of the subjacent lower Kreyenhagen 
shale and show evidences of transportation. In a word, this conglomerate can not 
be safely interpreted as a basal conglomerate. 

The uneven surface which might be cited as evidence of an unconformity may 
be the work of submarine scouring, and not of subaerial erosion. Conditions simi- 
lar to this situation can be observed in the channel of the Golden Gate, where 
large boulders are worn loose from submerged outcrops. Submerged outcrops 
of Kreyenhagen shale and other rocks of near-by formations may have been 
washed from the outcrop and deposited here near the base of the Tumey sand- 
stone. Scouring such as this could account for both the conglomerate bed near the 
base and for the uneven surface of the contact. 

Further evidence of a gradational contact between the Tumey sandstone and 
the subjacent shale is offered by the logs of near-by wells which have penetrated 
this contact. The Seaboard Oil Corporation’s Welsh No. 1 (Fig. 2) shows this 
clearly. The contact between these two members can be determined only by 
paleontologic means, and the shales and sands are interbedded and grade into one 
another so much at the contact that no definite lithologic “break” can be de- 
tected. An unconformity would not have such a transition. 

Summarizing the stratigraphic relations of the Tumey sandstone, conform- 
able—even gradational—contacts are in evidence above and below. 

The variations in thickness of the Tumey sandstone can best be appreciated 
by studying the columnar sections. The maximum thickness of 800 feet was 
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measured on the surface about 2 miles north of Arroyo Ciervo. From this point 
the thickness decreases in both directions along the strike, due to lensing, erosion, 
and overlap by the Temblor sandstone. 

From outcrops and from information derived from the study of the logs of 
several wells drilled into the Kreyenhagen formation in this area, the lateral ex- 
tent of the Tumey sandstone is fairly well known. The total north and south ex- 
tent is not much greater than the outcrop. From a study of logs of wells drilled in 
the Raisin City field west of Fresno, it is known that the eastward extension is 
limited to a maximum of 20 miles. However, the lithologic character of the Tumey 
sandstone, as shown in the Seaboard Oil Corporation’s Welsh No. 1, shows a 
definite grading laterally of the fine sand into shale, so the sand in all probability 
does not extend much more than 4 or 5 miles eastward. Just how far west the 
sand extended prior to erosion is not known. 

A number of fossils were collected from the fossiliferous stratum near the base 
of the Tumey sandstone. Though most of those found are fragmental and leeched, 
careful collecting from several localities produced a number of recognizable and 
well preserved forms. The results of these collections by the writer and by others 
are shown in the checklist (Table II). 


TUMEY OR UPPER KREYENHAGEN SHALE 


To separate the lower Kreyenhagen shale from upper Kreyenhagen or Tumey 
shale by lithology alone seems impossible. Where the Tumey sandstone is absent, 
these two shales form one cartographic unit. The upper shale, like the lower, is a 
chocolate-brown to buff, thinly bedded, platy, punky to hard clay, mud, and 
diatomaceous shale. On the weathered surface it is white, cream, or purplish in 
color. Here and there thin sandy beds and calcareous shale lenses occur through- 
out the section. 

A maximum thickness of 800 feet was measured in the area of the Arroyo 
Ciervo, but only 225 feet are exposed in Holotype Canyon. In Tumey Gulch the 
Temblor sandstone rests directly on the Tumey sandstone. 

The upper Kreyenhagen or Tumey shale is overlain unconformably by the 
Temblor formation. The angle between these two formations ranges between 1° 
and 15°. 

Several genera and species of mollusks were found in the Tumey shale at 
various places. Many of the collecting stations are in the “‘Leda” zone, but it was 
surprising to note the scarcity of specimens of ‘‘Leda” or more properly, Nucu- 
lana. The most abundant megafossil collected is Macrocallista pittsburgensis Dall. 
Specimens of this species occur at nearly all the collecting stations in this shale 
member. These megafossils, with one exception, occur near the top of the Tumey 
shale. The one exception is the occurrence of Delectopecten lillisi (Hertlein) from 
loc. 2510, where faulting obscures the exact stratigraphic position. 

The Holotype Canyon section was sampled and washed for foraminifers, but 
only radiolarians and sponge spicules were found in the residue. One location 
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TABLE II 
CHECKLIST OF MEGAFOSSILS FROM TUMEY SANDSTONE 
Fauna Localities 
2367 2362 2364 2471 2511 
ANTHOZOA 

Archohelia weavert x - - = 

ECHINOIDEA 

SCAPHOPODA 
Dentalium cf. radiolineata Clark............44. x - - - = 

PELECYPODA 
Crassatella washingtonensis (Weaver) var........ x = = = x 
Macoma lorenzoensis x - - 
Volsella cf. porterensis (Clark).............2005 x x - - = 
Myadesma pacifica (Hall & Ambrose).......... x x - - = 
Pecten aff. yneztana (Arnold).............0e00+ x - = = = 
Tellina pittsburgensis Clark. x = - = 
Thyasira cf. folgeri Wagner & Schilling......... x x = = = 
Voldia aff. packards x x = = 

GASTROPODA 
Acmaea aff. dickersoni Van Winkle............. x = = = = 
Strepsidura lincolnensts lorenzana W. & S....... x x - = = 
Turritella variata lorenzana W. & x = = = 


(M-262) in Paratype Gulch produced a faunule of exceptionally well preserved 
and abundant foraminifers associated with Delectopecten lillisi (Hertlein). This 
faunule occurs in a greenish gray, soft, muddy shale about go feet below the 
Temblor formation. 

In connection with the study of the microfauna of the upper Kreyenhagen 
shale, several samples were prepared to study the diatom flora. These contained 
diatoms and silicoflagellates. The large diatom Cocinodiscus is abundant and can 
be seen in the hand specimen by use of a hand lens. 
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TABLE III 
CHECKLIST OF TUMEY OR UPPER KREYENHAGEN FossIts 
Fauna Occurrence 
=] 
a a a a 
FORAMINIFERA 
Dentalina consobrina x x ~ - - - 
Nodosaria cf. aculeata x - - - 
- - - x x - - = = 
Plectofrondicularia packardi 
P. cf. packardi Cush. and Schenck............ c c c - - - 
Robulus inornatus - x - ~ - - - 
Robulus cf. austriaca x - - - 
Uvigerina cocoaensis Cushman................ a - a-- - - = 
PELECYPODA 
~ - x - x = 
Macrocallista pittsburgensis Dall.............. = € = 
Delectopecten lillist (Hertlein)................ x ~ - x x 
Nuculana cf. washingtonensis Weaver......... - - - - x - x - x 
GASTROPODA 


* M-292a Seaboard Oil Corporation’s Welsh No. 1. Depth, 3,386-3,400 feet. 
M-292b Depth, 3,596-3,618 feet. 
M-292c Depth, 3,798-3,805 feet. 
M-292d Depth, 4,100 feet. 

Note.—Identifications of Foraminifera based on Cushman and Schenck (1928). 


TEMBLOR FORMATION 


The Temblor formation was chosen as the uppermost formation to be mapped 
and studied, and the lower part of this formation was divided into two parts. The 
stratigraphically higher and more prominent of these is known locally as the 
“reef” or “button” bed, so named for the sharp, prominent ridge formed by this 
bed and for the abundance of small echinoids. The second unit is a biostrome com- 
posed of the valves of a large oyster and occurs in several places underlying the 
“button” bed. 

The lower part of this formation, which contains abundant fossils, is a coarse- 
grained sandstone and “shell breccia” with numerous fossil and shell fragments, 
pebbles, and here and there cobbles of red chert, glaucophane schist, and other 
typical Franciscan rocks. Fragments of the Kreyenhagen type shale are also 
present. This fossiliferous reef is well cemented and appears to resist erosion bet- 
ter than the stratigraphically higher portions of the formation. Evidence for this 
is the large and prominent ledges and “‘reefs” which form cliffs 20-30 feet high in 
places and form the crest of Monocline Ridge. 

The term “biostrome” is used here in the sense that it was proposed by Cum- 
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ings (1931), who defined it as “‘a deposit of shells, crinoid stems, etc., bedded, not 
lens-like or mound-like.” 

This term is applied to the thick bed conformably underlying the “button 
bed” in the area south of Holotype Canyon and consists almost entirely of oyster 
shells with a few large barnacles. The biostrome attains a thickness of 20 feet 
and crops out more than two miles along the strike of Monocline Ridge. About 10 
feet of greenish shale separate this biostrome from the superjacent “button” beds. 
The small amount of clastic material in this biostrome consists of fine sand and 
silt, some of which is light reddish brown in color. 

The abundant fossil in the biostrome is Ostrea bourgeoisii Rémond. The large 
barnacle resembles Tamiosoma gregaria (Conrad) found abundantly in the Santa 
Margarita and Jacalitos formations of the Coalinga region. 


TABLE IV 
CHECKLIST OF MEGAFOSSILS FROM TEMBLOR FORMATION OF MONOCLINE RIDGE 
Fauna Occurrence 
2 
& 

ECHINOIDEA 
Echinarchinus cf. merriami (Anderson)........ xX - - - - = x = x x - 

PELECYPODA 
Dosinia cf. margaritana Wiedey.............. - - - - - - = x x - - 
- - = = = = = = = 
Ostrea bourgeoisit Rémond................... x2 = SS 
Panope cf. generosa - - - = - 
Pecten andersons - x - - x - - - 
Lyropecten crassicardo (Conrad).............. X - - = = - = = 
X - - = = = = = = = 

GASTROPODA 
Calyptraea filosa xX xX X - = = = = = = 
Crepidula cf. praerupta (Conrad)............. - - x - = = = = = = = 
Murithais wilksanus (Anderson).............. - = x - = = = = = = = 
Scaphander cf. jugularis (Conrad)............ - - - = = = = 
- - x - = = = = = 
Turritella ocoyana Xo - - = = = = = = = 

ARTHROPODA 
Tamiosoma cf. gregaria Conrad............... - - - - - = = x - 

MAMMALIA 
STRUCTURE 


This is an area of folded and faulted rocks. Local minor folds are subordinate 
to the large monoclinal fold which forms the major structural feature of this area. 
Normal and reverse faults are numerous especially in the region north of Arroyo 
Ciervo. 

Appropriately named, Monocline Ridge is a bold strike ridge extending sev- 
eral miles in a southerly direction beyond the area covered by this report. The 
strata dip, with but few exceptions, eastward with an average dip of about 30° 
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toward the San Joaquin Valley. On the Temblor “reef” bed in the area just north 
of Arroyo Ciervo, the beds are steep, and in many places are overturned, so as to 
dip as much as 60° W. The dips on the Temblor, in general, steepen southward 
from the center of the area, whereas the underlying beds tend to flatten. 

Numerous small folds occur in both of the incompetent shales above and below 
the Tumey sandstone. Some of the folds pass into faults along the strike, and 
many folds in the shale just below the sand are due to sandstone dikes. 

Several normal and reverse faults parallel the strike of Monocline Ridge which 
in turn is parallel with the trend of the Coast Ranges. Nearly all of these faults 
have resulted in the thrusting of the older Kreyenhagen up against the younger 
Temblor formation. In the south part of the area three small normal faults cutting 
across the structure were mapped. Two of these account for a small part of the 
oyster biostrome being separated from the main bed, giving the appearance of a 
lens of oysters in the Tumey shale. 

One of the most striking features observed in the shales immediately underly- 
ing the Tumey sandstone was the presence of numerous sandstone dikes. Jenkins 
(1930), in discussing these dikes, proposed the name “intruclasts” for them to 
avoid confusion with igneous dikes. These dikes appear lithologically identical 
with the sand of the superjacent sandstone. Where the dikes are in contact with 
the sandstone proper, it is impossible to determine the boundary between the 
dike and the main sandstone mass. In size, they range from a fraction of an inch 
to several feet in thickness and extend up to 10 feet, possibly more, in length. 
Many take the form of sills, and some contain large amounts of gypsum. 


ORIGIN OF TUMEY SANDSTONE 


The paleogeographic map (Fig. 3) was made after a study of available surface 
and subsurface records of fossiliferous marine strata of Refugian age. Some of the 
shorelines are unknown and some are not certain. Although provisional, a map of 
this sort is a useful means of presenting graphically a working hypothesis. 

During Refugian time, a large part of the Great Valley was an inland sea con- 
nected with the open ocean on the west by three possible channels. The Gaviota 
channel at the south end of the embayment is based on reliable evidence. The 
fossils of the Tumey shale and certain members of the Gaviota formation of the 
Santa Ynez Mountains have species in common, leading to the postulated direct 
water connection between the two localities. The Vallecitos channel® formed a 
waterway to the present Monterey Bay area. It was in this channel that the 
Tumey sandstone was deposited. The channel connecting the north embayment 
with the ocean through the present San Francisco Bay region is possible but by 
no means well established. 

The Vallecitos channel in Refugian time may be compared with the Golden 
Gate of today. Comparison of the inferred ancient channel with the present one, 
while not of the same dimensions, serves to point out the possible similarity of 


8 Called “San Benito Trough” by Reed (1941). 
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PALEOGEOGRAPHIC MAP 


CALIFORNIA 
During Refugian Time 
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bottom conditions. Both are comparatively narrow straits connecting the open 
ocean with a large inland body of water. The Vallecitos channel, as one observes 
from the map, was wider and connected a much larger inland water body with 
the open ocean. 

Currents of great magnitude are common in the Golden Gate. By analogy, in 
the Vallecitos channel connecting the ocean with this larger inland sea of Refugian 
time, currents of moderate strength could well have existed. 

The studies of Louderback (1939) on the sediments of San Francisco Bay 
indicate that the finer sediments are deposited in the quieter waters of the bay 
during low flow of incoming streams, and that during high water, much of it is 
carried to sea. The coarser material is thus deposited in the channel of the Golden 
Gate, where the finer material is swept away by the currents. Large boulders of 
bedrock are also here. These were derived directly from submarine scouring of 
certain outcrops on the bottom near by, as they are too large to have been brought 
in by streams. 

Bottom conditions similar to the present Golden Gate may have prevailed 
during the deposition of the Tumey sandstone. This hypothesis accounts for the 
presence of coarse material in the agitated parts of the basin and finer material 
in the quiet parts. The Tumey sandstone would then be a channel or sandy facies 
of the Kreyenhagen formation, which is largely shales of quiet-water deposition. 

Both the heavy and light mineral suites from the sandstone are typical of 
Sierra Nevada origin. Franciscan minerals are lacking in all the samples studied. 
Earlier in this paper mention was made of the similarity of the type Wheatland 
formation and the Tumey sandstone. Both are the same age, and both contain 
essentially the same suite of heavy minerals and rock fragments. Andesite is more 
abundant in the Wheatland, but this may be due to the relative hardness of 
the andesite compared with the other minerals, and to the distance involved in 
transportation. The source of the sediments of the Wheatland is definitely Sier- 
ran. The provenance of the sediments of the Tumey sandstone is believed to be 
the same. Hence, it is suggested that the source of the Tumey sandstone is 
the Sierra Nevada. 

During Refugian time, the surface of the eastern land mass was one of high 
relief. Certainly this region was not a peneplain. Rainfall in the Sierra Nevada 
must have been plentiful in order to have caused streams of a size sufficient to 
carry large amounts of coarse detritus to their resting places in the inland sea 
and in the Vallecitos channel. The land in the area of the present-day Coast 
Ranges was doubtless of lower relief and with less rainfall than the Sierra Nevada. 
No large rivers flowed easterly from this land mass. 

The depth of water in which the Tumey sandstone was deposited can be es- 
timated by biologic evidence. An analysis of the molluscan fossils near the base 
of the sand has disclosed some pertinent information on this subject. But before 
the paleontologic evidence can be evaluated, it is mandatory to consider this 
question: are these fossils autochthonous or allothonous? Several facts support 
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the conclusion that the Tumey fossils are autochthonous. Although there is a large 
amount of shell fragments, the shells that are whole show little or no abrasion. 
Much of the difficulty in securing good specimens when collecting these fossils 
was due to poor preservation and later leaching of the shell material, and not to 
transportation from pre-existing rocks. Many of the fragments show abrasion, 
but this could be caused by rolling on the sea bottom. Possibly some of these 
fragments were brought in from other parts of the basin and were subjected to 
vigorous agitation by currents. 

If these shells were brought in by currents from near-by regions, the chances 
are good that these shells would not be carried from deeper to shallower waters. 
If any of these shells had been transported, then the habitat which they represent 
would be one of shallower water than the Tumey depositional basin. In any event 
a littoral or intertidal zone does not seem probable for this area of deposition. 

Charts showing the bathymetric distribution of genera living to-day that are 
also present in the Tumey sandstone were constructed in order to determine the 
depth of water of the depositional basin. From these it was noted that the prob- 
able range was from 20 to 100 fathoms deep, with several genera, such as Acila 
and Yoldia, common in water in excess of 100 fathoms. It is inferred that the 
Tumey sandstone was deposited in marine waters of the neritic zone, that is, in 
waters between 20 and 100 fathoms deep, probably nearer 100. 

The geographical ranges of several living genera of the Pacific Coast which 
are also found as fossils in the Tumey sandstone were plotted graphically to aid 
in determining temperature conditions during the Tumey epoch. In using fossils 
as a means of determining temperature, one must remember that temperature 
changes greatly with depth. Whereas tropical conditions may exist at the sur- 
face, cold temperate or boreal waters are present several hundred feet below the 
surface. As it has been shown that the Tumey fauna is one of deeper water, not 
shallow or intertidal habitat, the temperature data derived from their study will 
not necessarily be true of the surface. A cold water fauna of 100 fathoms may indi- 
cate a temperate condition at the surface. Summarizing the data from this study, 
the maximum geographic range of the assemblage is 32°-34° N. Lat., which in- 
cludes the California coast from the Mexican border north to Los Angeles. The 
temperature of the inshore water of this area is about 57°—59° F. Since the Tumey 
assemblage is one of deeper water, and the foregoing figures are for shallow water, 
a correction was made for depth. It follows that if such a group of organisms 
favors 57°-59° water at a depth of 20-100 fathoms, the surface temperature 
would then be somewhat higher than those found on this southern California 
coast to-day. The waters may then be considered to have been warm temperate, 
whereas a subtropical climate may have been characteristic of the surrounding 
lands. 

According to Chaney,° the only Oligocene floral record in central California 
is in the San Lorenzo formation near Big Basin, Santa Cruz County. Here a small 

® Letter to the writer, dated May 28, 1943. 
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flora of subtropical aspect has been collected, with abundant species of Alchornea. 
This genus is now distributed in the warmer parts of the world. 

When the San Lorenzo flora is considered with Oligocene floras from Weaver- 
ville formation of northwestern California and from the west slopes of the Cas- 
cade Range in Oregon, the evidence points directly toward higher land tempera- 
tures throughout the western United States during the Eocene and Oligocene 
epochs. 

Summarizing the information concerning the origin of the Tumey sandstone, 
the following may be said. 

1. The basin of deposition was in the Vallecitos channel, which resembles 
depositional conditions found to-day in the Golden Gate of San Francisco Bay. 

2. An eastern or Sierra Nevada source of sediments of the lentil is probable. 

3. The depth of water into which the sand was deposited probably exceeded 
20 fathoms but was not more than 100 fathoms, 

4. The water temperature, based on faunal evidence, was perhaps warm 
temperate, about 57°—-59° F. 

Therefore, the Tumey sandstone lentil represents a sandy channel or agitated 
water facies of the Kreyenhagen formation, the sediments of which originated in 
the Sierra Nevada, deposited in moderately deep, warm-temperate marine water 
of the neritic zone in the Vallecitos channel during a part of Refugian time. 


AGE OF TUMEY SANDSTONE 


The age of the Kreyenhagen formation has been said to be Eocene by some 
writers and Oligocene by others. All statements here regarding the age of the 
Kreyenhagen formation are provisional, pending further investigation. An at- 
tempt has been made to use megafossils to zone part of the Kreyenhagen forma- 
tion and correlate it with the Washington “Oligocene” section. 

The fossiliferous part of the Tumey sandstone (zone unnamed) is synchro- 
nized with J. Wyatt Durham’s (ms.) Molopophorus stephensoni zone, the latter 
including the Gries Ranch faunule. This correlation is based on the occurrence in 
both of Acila shumardi Dall, Archohelia weaveri Durham, and Gemmula n. sp. 
Durham. The latter two species are restricted to this zone. Acila shumardi does 
not occur in rocks older than the M. stephensoni zone. Since the “Turcicula 
columbiana” zone (Eocene) is the oldest Refugian known on the west coast, 
and Acila shumardi does not occur in this zone, it is therefore suggested that 
the fossiliferous part of the Tumey sandstone is not the lowest Refugian. In- 
stead, the upper part of the lower Kreyenhagen shale would fall in the “Turci- 
cula columbiana”’ zone, with the lower part of these shales extending even lower 
into the “unnamed” Eocene stage of Schenck and Kleinpell (1936). 

Kleinpell (1938, p. 152) states that the Acila shumardi zone (should read 
biozone) of Schenck (1936), which includes the Tumey faunule, may represent a 
deeper, or at least cooler, water facies of the “‘Turritella variata’”’ zone. The lower 
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part of this zone with the “giant Venericardia planicosta” is associated with lower 
Refugian foraminifers, and the upper part, according to Kleinpell, is associated 
with upper Refugian foraminifers. This is one of the reasons for believing that 
the lower Refugian is of late Eocene age. If this be true, then the lower Kreyen- 
hagen shale, which has been shown to be in part lower Refugian, is Eocene. If the 
Acila shumardi biozone is upper Refugian, the Tumey sandstone faunule is like- 
wise upper Refugian. 

The positions of the “Uvigerina cocoaensis’”’ zone and the “Leda” zones are 
doubtful, since sufficient faunal control is lacking. According to Durham (per- 


TABLE V 


PROVISIONAL ZONATION AND CORRELATION OF 
 _KREYENHAGEN FORMATION 


Stage Zones 
California 
Washington 
(Durhan, in press) Ciervo Hills General Section 
(This report) (Kleinpell, 1938) 
' Echinophoria apta Uvigerina 
Sz No strata of known sparsicostata 
an Echinophoria rex Zemorrian age in area Uvigerina 
N gallowayi 
Turritella porterensis — P—— — — — — P— 
“Leda zone” 
Turritella olym picensis — — — — P — — — — 
“Uvigerina cocoaensis” 
Molopophorus gabbi — P— — P — — 
| Fossiliferous part of Tumey Seem 
Molopophorus stephansoni sandstone 
= (zone unnamed) 
FS “Turcicula columbiana” Lower Kreyenhagen shale 
= Zone unnamed (Zone unnamed) 


sonal correspondence), the top of the ‘‘Leda” zone may fall anywhere from his 
Molophorus gabbi zone to the Turritella porterensis zone, lower to middle (?) Oli- 
gocene. 

The Tumey sandstone may be correlated with at least part of the San Emig- 
dio formation of Kern County, California. Megafossils occurring in both forma- 
tions are Acila shumardi Dall, Strepsidura lincolnensis lorenzana W. & S., and 
Turritella variata lorenzana W. & S. 

In summary, the fossiliferous part of the Tumey sandstone, and probably all 
the lentil, is of Refugian age, commonly called “Oligocene.” It is underlain by 
shales of early Refugian (Eocene) age and overlain by shales of probably late 
Refugian age. This agrees, at least in part, with Kleinpell’s statement (1938, p. 
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160) that the Tumey “formation” is middle and upper Refugian age, since the 
Tumey “formation” includes both the upper Kreyenhagen (Tumey) shale and 
the Tumey sandstone. This sandstone lentil, then, is not the oldest Refugian 
deposit in this district. Furthermore, those who said the Kreyenhagen formation 
was of Eocene age and those who said it was Oligocene were both correct; part of 
it is Eocene and part is “Oligocene.” 


REGISTER OF LOCALITIES 


All localities are in Fresno County, California. Sections are on the Mount 
Diablo Base and Meridian in Panoche Quadrangle unless otherwise noted. Num- 
bers refer to the Stanford University locality registers. 


MEGAFOSSIL LOCALITIES 
2073 
1900 ft. S. and 800 ft. W. of NE. corner Sec. 2, T. 15 S., R. 12 E. 100 feet stratigraphically below 
base of Temblor; 1400 ft. S. 45° E. from building at diatomite quarry 


Formation: Kreyenhagen 
Collectors: H. G. Schenck, R. Bayles, R. T. White 


2361 


Sec. 1, T. 16 S., R. 12 E., 400 ft. NW. of 1100-foot elevation hill in NE. 3, SW. } Sec., on north 
side of Tumey Gulch 
Formation: Tumey sandstone lentil 
Collectors: R. T. White, J. Zimmerman 
2362 
3100 ft. W. and 1500 ft. N. of SE. corner Sec. 16, T. 16 S., R. 13 E. Outcrop on north bank of wash, 
100 ft. N. of road to Ciervo Mountain; 2.3 miles from “gas-line” r 
Formation: Tumey sandstone lentil 
Collectors: H. G. Schenck, J. Zimmerman 
2363 
750 ft. W. and 200 ft. N. of SE. corner Sec. 1, T. 16 S., R. 12 E. Crest of ridge formed by “button” 
bed about 3 mile SE. of Tumey Gulch 
Formation: Temblor 
Collector: J. Zimmerman 
2364 
100 ft. E. and 300 ft. N. of SE. corner Sec. 22, T. 16 S., R. 13 E. —— on west side of large hill 
at an elevation of about 1600 ft., 50 ft. above lower Kreyenhagen shale 
Formation: Tumey sandstone lentil 
Collector: J. Zimmerman 
2365 
3000 ft. E. and 2300 ft. S. of NE. corner Sec. 16, T. 16 S., R. 13 E. Outcrop along prominent ridge 
north of Holotype Canyon, about } mile NW. of Ciervo Mountain road 
Formation: Temblor 
Collector: J. Zimmerman 
2380 
1200 ft. W. and 3100 ft. S. of NE. corner Sec. 1, T. 16 S., R. 12 E. Outcrop on north side of Tumey 
Gulch opposite second auto bridge from mouth of canyon 
Formation: Temblor 
Collector: J. Zimmerman 


2381 
2600 ft. N. and 1100 ft. W. of SE. corner Sec. 16, T. 16 S., R. 13 E. Outcrop on south side of wash 
at side of road in Holotype Canyon, about 2 miles from “gas-line” road 


Formation: Tumey or upper Kreyenhagen shale 
Collectors: H. G. Schenck, J. Zimmerman 
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2469 
tooo ft. N. and soft. E. of SW. corner Sec. 15, T. 16 S., R. 13 E. Paratype Gulch, in bottom of can- 
yon about 80 ft. below Temblor “button” bed. Same location as M-262 
Formation: Tumey or upper Kreyenhagen shale 
Collectors: H. G. Schenck, J. Zimmerman 


2470 
2000 ft. E. and 300 ft. S. of NE. corner Sec. 22, T. 16 S., R. 13 E. Outcrop in canyon bottom, first 
canyon south of Paratype Gulch” 
Formation: Tumey or upper Kreyenhagen shale 
Collector: J. Zimmerman 
2471 
1050 ft. W. of SE. corner Sec. 22, T. 16 S., R. 13 E. Outcrop on south side of canyon, Paratype 
Gulch, about 50 ft. above bottom of canyon : 
Formation: Tumey sandstone lentil 
Collector: J. Zimmerman 
2472 
4200 ft. E and 3500 ft. S. of NW. corner Sec. 22, T. 16 S., R. 13 E. Low ridge on otherwise fairly 
flat area. Ridge is faulted section of oyster biostrome 
Formation: Temblor 
Collector: J. Zimmerman 
2473 
goo ft. S. and 3450 ft. E. of NW. corner Sec. 22, T. 16 S., R. 13 E. About 1 mile SE. of Holotype 
Canyon on east side of small canyon, 200 feet below top of hill 


Formation: Tumey or upper Kreyenhagen shale 
Collector: J. Zimmerman 


2474 


1100 ft. E. and 2700 ft. N. of SW. corner Sec. 23, T. 16 S., R. 13 E. Outcrop along reef formed by 
oyster biostrome, just south of second large canyon north of Arroyo Ciervo 
Formation: Temblor 
Collector: J. Zimmerman 
2475 
3500 ft. E. and 750 ft. N. of SW. corner Sec. 23, T. 16 S., R. 13 E. Oyster biostrome on ridge just 
north of first large canyon north of Arroyo Ciervo 
Formation: Temblor 
Collector: J. Zimmerman 
2476-A 


800 ft. S. and 3800 ft. E. of NW. corner Sec. 22, T. 16 S., R. 13 E. Ridge formed by “button” bed 
of Temblor, about 1 mile south of Holotype Canyon 

Formation: Temblor 

Collectors: H. G. Schenck, J. Zimmerman 


2476-B 


75 ft. S. of 2476-A, on small peak formed by oyster biostrome 
Formation: Temblor (oyster biostrome) 
Collectors: H. G. Schenck, J. Zimmerman 


2477 
1600 ft. E. and 1700 ft. S. of NE. corner Sec. 35, T. 16 S., R. 13 E. About 200 ft. S. of summit of 
large hill just north of Arroyo Ciervo, near old Ciervo Mountain road 
Formation: Temblor 
Collectors: H. G. Schenck, J. Zimmerman 


2478 
Priest Valley Quadrangle; 4500 ft. E. and 1200 ft. S. of NW. corner Sec. 36, T. 16 S., R. 13 E. 
Outcrop on north wall of Arroyo Ciervo, 700 ft. W. of southernmost exposure of Tumey sandstone, 
just over hill south from old Ciervo Mountain Road 
Formation: Temblor 
Collectors: H. G. Schenck, J. Zimmerman 
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2479 
100 ft. E. and 800 ft. S. of NW. corner Sec. 16, T. 16 S., R. 13 E. In first large canyon north of 
eg Canyon about 600 feet up canyon from exposure of “button” bed; separated from main bed 
faulting 
Formation: Temblor 
Collector: J. Zimmerman 
2510 
1400 ft. E. and 1600 ft. S. of NW. corner Sec. 26, T. 16 S., R. 13 E. Incanyon bottom, first canyon 
north of Arroyo Ciervo, about 1500 feet downstream from base of Tumey sandstone lentil 
Formation: Tumey or upper Kreyenhagen shale 
Collector: J. Zimmerman 
2511 


1800 ft. W. and 4oo0 ft. S. of NE. corner Sec. 1, T. 16 S., R. 12 E. Tumey Gulch, in road cut be- 
tween second and third auto bridges 

Formation: Tumey sandstone lentil 

Collectors: H. G. Schenck, R. Stopper, J. Zimmerman 


MICROFOSSIL LOCALITIES 
M-262 


1900 ft. N. and 50 ft. E. of SW. corner Sec. 15, T. 16 S., R. 13 E. Outcrop in bottom of Paratype 
Gulch about 90 ft. below Temblor “button” bed. Same locality as 2469 

Formation: Tumey or upper Kreyenhagen shale 

Collectors: H. G. Schenck, J. Zimmerman 


M-292 
1709 ft. S. and 2036 ft. W. of NE. corner Sec. 10, T. 16 S., R. 13 E. Seaboard Oil Corporation’s 
Welsh No. 1 
Formation: Tumey or upper Kreyenhagen shale, between 2400 and 3298 ft. depths 
Collector: Seaboard Oil Corporation 
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APPENDIX 
ADDITIONAL LocaTION DATA ON PALEOGEOGRAPHY 
Numbers refer to location numbers on map (Fig. 3) 
SURFACE CONTROL 


Wheatland; S. U. Loc. 2367. Yuba County, Spenceville Quadrangle. East bank of Dry Creek, 
Sec. 7, T. 14 N., R. 6 E., M.D.B. & M. Type Locality of Wheatland formation 

Sobrante Anticline, San Ramon formation, Contra Costa County 

San Ramon formation near Walnut Creek, Contra Costa County 

Kirker formation, Kirker Creek, north slope of Mount Diablo, Contra Costa County 

San Lorenzo formation (in part). Bear and Kings creeks and San Lorenzo River. Sec. 9, T. 9 S., 
R. 3 W., Santa Cruz County 

San Juan Bautista formation and possibly part of Pinecate formation, San Benito County 
Church Creek formation (at least in part), Jamesburg Quadrangle, Monterey County 
Kreyenhagen formation (as covered in this report), Ciervo Hills, Fresno County 


. Kreyenhagen formation, Wagonwheel formation, Devils Den district, Kern County 

. “San Lorenzo” formation, McKittrick district, Kern County 

. San Emigdio formation, type locality, southw est Kern County 

. Gaviota formation; Cafiada de Santa Anita, at type iecaliy- of Refugian Stage, Santa Barbara 


County 
SUBSURFACE CONTROL 


. Enrich Oil Co., Mason 1, Sec. 35, T. 13 S., R. 13 E., M.D.B. & M. “Leda” zone penetrated, — 


depths not obtained 


. Associated Oil Co., Gill 1, Sec. 27, T. 12 S., R. 15 E., M.D.B. & M. “Leda” zone penetrated, no 


depths given 


. Associated Oil Co., 1, Sec. 14, T. 15 S., R. 18 E., M.D.B. & M. “Leda” zone penetrated, depths 


not obtainable 


. Kettleman Hills, Kings County. Numerous wells have penetrated Refugian rocks. See Woodring, 


Stewart and Richards (1940) 


. Kreyenhagen Oil Co., Well 1, SE. } Sec. 32, T. 22 S., R. 16 E., M.D.B. & M. Canoas Creek and 


Reef Ridge district. First type locality of Kreyenhagen formation 


. Standard Oil Co. of California, Morris 1, Sec. 36, T. 24 S., R, 23 E., M.D.B. & M. “Leda” zone 


penetrated, no depths were obtained 


. Shell Oil Co., KCL 83, Sec. 35, T. 26 S., R. 25 E., M.D.B. & M. T.D., 10,061 ft. Macrocallista 


pittsburgensis (““Leda” zone) logged at 9, 26r ft. 


. Continental Oil Co., KCL A-2, Sec. 8, T. 27 S., R. 24 E., M.D.B. & M. T.D., 15,004 ft. Logged 


Tumey shale with “Teda” washingtonensis fauna at about 14,000 ft. and Uvigerina cocoaensis 
fauna at 14,162 ft. 

Union Oil Co., Pacific States 21, Sec. 33, T. 28 S., R. 25 E., M.D.B. & M. Logged top of Tumey 
shale at 12 785 ft. 

Richfield Oil Corp., KCL 1, Sec. 28, T. 11 N., R. 20 E., S.B.M. Logged “Leda” washingtonensis 
at 10,666 ft. and Uvigerina cocoaensis from 10,666 ft. to 10,897 ft. 
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BRACKISH AND NON-MARINE MIOCENE IN 
SOUTHEASTERN TEXAS! 


H. B. STENZEL,? F. E. TURNER,’ anp C. J. HESSE‘ 
Austin and College Station, Texas 
ABSTRACT 


Near Burkeville, Newton County, Texas, the Potamides matsoni subsurface zone of southeastern 
Texas and adjoining Louisiana reaches the surface. There it is possible to tie together stratigraphically 
subsurface and surface strata, marine and non-marine facies, and vertebrate and invertebrate faunas. 
Recent discoveries of fossils near Burkeville include several vertebrates, such as horse, rhinoceros, 
camel, deer, horned ruminant, primitive beaver, and sea cow. These newly discovered vertebrates and 
the reidentified invertebrates determine the age of the Burkeville fauna and the Potamides matsoni 
zone as upper Miocene (Barstovian). The relationship to other vertebrate faunas from the west coast 
and the interior of the continent is discussed as is the relationship of the invertebrates to other Gulf 
Coast faunas. The Burkeville exposures are part of the Fleming formation which is widespread in 
East Texas and Louisiana.The use of Lagarto formation for this unit is declined by the writers. 

The Burkeville fauna is a mingled assembly of forms some of which lived on firm land, while 
others lived in fresh flowing river water and others in brackish coastal waters. The locale was probably 
near the mouth of a Miocene river. A detailed description of the localities and the sections exposed is 
given. The environmental conditions are evaluated. 


The discovery of the fossil locality near Burkeville, Newton County, Texas, 
by A. C. Veatch in 1902 begins the history of an important stratigraphic tie-point 
in the Gulf Coastal Plain. Here fossil beaver skulls, camel skulls, horse jaws, and 
rhinoceros bones are found along with fossil oysters, fresh-water mussels, and 
river snails and foraminifers. In addition the fauna contains a fossil, Potamides 
matsoni Dall, which is recognized as a useful subsurface zone fossil in many wells 
of southern Louisiana and adjoining Texas. Thus the Burkeville locality ties the 
surface with the subsurface stratigraphy, the invertebrate with the vertebrate 
faunas, and the marine with the non-marine facies of the Gulf Coast Tertiary, 
and the results obtained through the geologic investigation of the Burkeville 
locality are of importance to the stratigraphic interpretation of well samples. 

It is apparent that A. C. Veatch, G. D. Harris, and C. J. Maury were soon 
aware of the importance of Veatch’s discovery, although Veatch had found casts 
of invertebrates merely and no vertebrate remains. Maury,® for instance, stated 
that these beds “. .. have been thought to be fossiliferous only in central and 
western Texas, but Mr. Veatch found a fossiliferous layer near Burkeville, not 
far from the eastern state line.’”’ A few years later Veatch’ reemphasized his grasp 

1 Published by permission of the director, Bureau of Economic Geology, University of Texas. 
Manuscript received, October 29, 1943. 

? Bureau of Economic Geology, University of Texas. 

3 Geology department, Agricultural and Mechanical College of Texas. 

4 Museum, Agricultural and Mechanical College of Texas. 

5 A. C. Veatch, “The Geography and Geology of the Sabine River,” Louisiana Geol. Survey, Pt. 
6, Rept. for 1902 (1902), Spec. Rept. 3, p. 136, Pl. 37. 

®C. J. Maury, “A Comparison of the Oligocene of Western Europe and the Southern United 
States,” Bull. Amer. Pal., Vol. 3, No. 15 (1902), p. 390. 

.7 A. C. Veatch, “Geology and Underground Water Resources of Northern Louisiana with Notes 
on Adjoining Districts,” Louisiana Geol. Survey, Rept. of 1905, Bull. 4 (1906), pp. 40-42. 
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of the importance of his discovery by stating: “Although these deposits represent 
less truly littoral sediments than the Catahoula beds, extended search has failed 
to reveal any marine remains except near Burkville, Newton County, Tex., where 
a brackish water ... fauna has been found... .” And even to this day the fossil 
locality remains the only one yielding an invertebrate fauna in that stratigraphic 
level at the surface in East Texas. However, several additional invertebrate fossil 
localities have since been found in Louisiana in an eastward extension of the 
same stratigraphic level. 

The next discussion of the Burkeville locality was by William Kennedy.’ 
This author added to the information concerning the locality and its fauna by 
stating that he found ‘‘a thin seam of hard ferruginous sandstone containing such 
Eocene fossils as Ostrea alabamiensis, Cerithium sp., Venericardia, Crassatella 
antestriata Gabb, C. trapaquara Harris, Cardium, Astarte, Chama, Cytheria sp., 
Corbula sp., and Arca like mississippiensis Conr.’’ Veatch took exception to 
Kennedy’s list very soon after it was published. Veatch® wrote: ““Kennedy reports 
a number of lower Claiborne (Eocene) species from this locality, but the collec- 
tion made by the writer in 1902, which was by far the largest made at this point, 
showed none of the species listed by Kennedy.” 

Kennedy’s list of fossils is apparently in error. The list would indeed indicate 
an Eocene age, but Crassatella antestriata Gabb and its associates of Kennedy’s 
list have not been found by anyone else at the Burkeville locality. This can hardly 
be explained through insufficient collecting, because a very considerable amount 
of collecting has been done by later investigators. Also it is certain that the strata 
in the vicinity of Burkeville are not Eocene, but much younger. These strata 
can not contain such a fauna. Crassatella antestriata Gabb is a common fossil of 
the Cook Mountain formation, whereas C. trapaquara Harris is a common fossil 
of the Weches formation. The two do not occur together, although they are both 
Eocene fossils. 

One very suspicious feature of Kennedy’s list is that it consists of pelecypods 
only. At the Burkeville locality the oyster is the most common fossil, but other 
pelecypods are very rare; instead, the snails are common. Any collection made at 
this locality would contain many snails, and these should be listed. Thus the 
nature of Kennedy’s list makes one think that the fossils which were listed by 
him did not come from the Burkeville locality. 

Vaughan and Matson collected fossils in the vicinity of Burkeville, and Dall 
used their collections (Stations 3614 and 6440, respectively) as material for a 
publication.'° Herein Dall described several new species and listed the fauna from 
Burkeville. Dall gave the following list." 


8 William Kennedy, in C. W. Hays and W. Kennedy, “Oil Fields of the Texas-Louisiana Gulf 
Coastal Plain,” U. S. Geol. Survey Bull. 212 (1903), p. 22, footnote 53. 


9 A. C. Veatch, op. cit. (1906), p. 41, footnote 58. 


10 W. H. Dall, “On a Brackish Water Pliocene Fauna of the Southern Coastal Plain,” Proc. U.S. 
Nat. Mus., Vol. 46, No. 2023 (1913), pp. 225-37, Pls. 20-22.. 


1 Dall’s list differs in minor respects from the one given by Matson. Matson lists Paludestrina 
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?Unio (Lampsilis?) possibly U. sandrius Dall Cerithiopsis? burkevillensis Dall 


Ostrea virginica Gmelin Pachycheilus anagrammatus Dall 
Anomia sp. indet. P. satillensis Aldrich 

Potamides matsoni Dall P. suavis Dall 

P. matsoni Dall var. gracilior Dall Neritina sparsilineata Dall 


Dall emphasized the brackish-water character of the fauna and pronounced it 
as of Pliocene age. His age determination was based on the best available evi- 
dence. However, additional evidence gathered since shows that Dall’s age deter- 
mination was not correct. In any case his faunal description and list were the 
first reliable and detailed information about this invertebrate fauna. 

Matson was the first to notice during his collecting near Burkeville that frag- 
ments of bones and occasional vertebrae! occurred among the invertebrates. In 
December, 1912, Baker!* and Suman investigated the beds near Burkeville for 
the Rio Bravo Oil Company. They were the first to collect vertebrate remains 
which could be identified. These remains were sent to W. D. Matthew who re- 
ported the following: “Tibia of a young rhinoceros, with the proportions of Teleo- 
ceras. Upper molar of a horse, either Protohippus or a long-crowned Merychippus.” 
Matthew stated that “both these specimens indicate late Miocene or possibly 
early Pliocene age, the horse tooth being pretty certain evidence.’’!* 

With that collection the Burkeville locality assumed considerably increased 
importance. Hitherto the locality had been merely the first invertebrate locality 
for that stratigraphic level in East Texas. Thereafter, with the newly discovered 
vertebrates, the locality had become an important stratigraphic tie-point afford- 
ing a better age determination through the use of the vertebrate remains. Credit 
for the improved age determination should in part go to C. L. Baker, who has 
always emphasized the importance of vertebrate remains and searched for them. 

From the time that Baker and Suman discovered their material to the collect- 
ing done by the present writers no additional vertebrate remains were collected 
from near Burkeville. The material which is now available is much more copious, 
complete, and varied than the material that was available to Matthew, making 
it possible to give now a much closer age determination. 

Additional importance has been given to the Burkeville locality and similar 
localities at corresponding stratigraphic levels in Louisiana through the work of 
micropaleontologists. It has gradually become apparent that Potamides matsoni 
Dall and some of its associates form a recognizable zone in the subsurface strata 


curva Dall from Burkeville, but Dall does not. This is probably due to a typographical error in Mat- 
son’s list. Compare G. C. Matson, im Alexander Deussen, “‘Geology and Underground Waters of the 
Southeastern Part of the Texas Coastal Plain,” U.S. Geol. Survey Water-Supply Paper 335 (1914), 
PP. 72-73- 

12 Compare W. H. Dall, of. cit., p. 227. 

13 C. L. Baker, “Ten-day Report of Services, Period Ending December 20, 1912,” ms. in Rio 
Bravo Oil Company files, dated Houston, Texas, January 16, 1913. 

4 E. T. Dumble, “Problem of the Texas Tertiary Sands,” Bull. Geol. Soc. America, Vol. 26 (1915), 
p. 470. “The Geology of East Texas,” Univ. Texas Bull. 1869 (1920), p. 225. 
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‘of Louisiana and adjoining Texas. This guide fossil occurs at Burkeville, Texas, 
and other localities in Louisiana. 

Dall had already indicated that “the interest of this fauna lies not only in its 
being strictly brackish water and containing a large number of hitherto unknown 
species, but in its wide distribution along the edge of the Pliocene coastal plain, 


100 38 96 9 


Fic. 1.—Map of Texas showing outcrop of Miocene strata in the Gulf Coastal Plain and 
location of Burkeville and Newton County in southeastern Texas. 


106 10S 104 10: 102 


forming a faunal horizon hitherto unrecognized.’’ However, the present use of 
Potamides matsoni Dall and its associates as subsurface guide fossils dates from 
an unpublished report for the Humble Oil and Refining Company written in 1930 
by A. C. Ellisor® and the first descriptions of the associated microfossils pub- 
lished in 1935 by M. B. Stephenson.'* Since then several authors have extended 
the-use and knowledge of this fossil zone. In this connection one should mention 

16 A. C. Ellisor, “ ‘Potamides matsoni’ Zone of Texas (Burkville Beds),” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 20, No. 4 (1936), pp. 494-95. 


16 M. B. Stephenson, “Some Microfossils of the Potamides matsoni Zone of Louisiana,” Louisiana 
Dept. Cons. Geol. Bull. 6 (1935), pp. 187-96. 
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H. V. Howe and J. H. McGuirt,!” M. B. Stephenson,!* Max Bornhauser and Fred 
W. Bates,!® H. N. Fisk,”° A. C. Ellisor,24 R. N. Welch,” and Fred W. Bates and 
J. B. Wharton, Jr.” 

To the already copious information concerning the Potamides matsoni zone 
and the exposures at Burkeville the present paper adds a more detailed descrip- 
tion of the location and the beds of the outcrops near Burkeville, Texas, a closer 
age determination based on vertebrate remains, a tie-in of the subsurface with 
the surface geology, and an extension of the stratigraphic correlations. Detailed 
descriptions of the fossils, particularly of the new species, will be given in separate 
articles.”4 


OUTCROP OBSERVATIONS 
HISTORY OF LOCATION 


Considerable difficulties arise when one attempts to relocate the outcrops 
near Burkeville* with the aid of published information. As is so common in geo- 
logic literature, the descriptions of the location given are so sketchy as to make a 
rapid relocation impossible to-day and a definite relocation possible only after 
many days of careful search. 

Veatch, the discoverer of the Burkeville locality, never published a more 
detailed description than “near Burkville, Newton County, Tex.” Such later 
collectors of the Burkeville fauna as Vaughan and Matson presumably obtained 
a more informative description of the location from Veatch personally. This is 
rather likely on account of their association in the United States Geological Sur- 


17H. V. Howe and J. H. McGuirt, “Salt Domes of Plaquemines and St. Bernard Parishes,” ibid., 
Bull. 8 (1936), p. 234. 
» “Salt Domes of Iberville and Ascension Parishes,” ibid., Bull. 14 (1938), pp. 108-09. 

18 M. B. Stephenson, ‘Miocene and Pliocene Ostracoda of the Genus Cytheridea from Florida,” 
Jour. Pal., Vol. 12, No. 2 (1938), pp. 127-48, Pls. 23, 24. 

19 Max Bornhauser, and F. W. Bates, “Geology of Tepetate Oil Field, Acadia Parish, Louisiana,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 22,No. 3 (1938), pp. 291, 295- 

20 H. N. Fisk, “Geology of Avoyelles and Rapides Parishes,” Louisiana Dept. Cons. Geol. Bull. 
18 (1940), pp. 150-75. 

1 A. C. Ellisor, “Subsurface Miocene of Southern Louisiana,” Bull Amer. Assoc. Petrol. Geol., 
Vol. 24, No. 3 (1940), pp. 435-75, Pls. 1-6. 

sie R. N. Welch, “Geology of Vernon Parish,” Louisiana Dept. Cons. Geol. Bull. 22 (1942), PP- 

47-62. 

*3 F, W. Bates and J. B. Wharton, Jr., “Anse la Butte Dome, St. Martin Parish, Louisiana,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 27 (1943), pp. 1123-56. 

*H. B. Stenzel and F. E. Turner, “A Miocene Invertebrate Fauna from Burkeville, Newton 
County, Texas,” Amer. Jour. Sci., Vol. 242, No. 6 (June, 1944), pp. 289-308. 
Se C. J. Hesse, “Fossil Vertebrates of the Burkeville Area, Newton County, Texas,” Amer. Jour. 

ci., in press. 

HB. Stenzel, F. E. Turner, and C. J. Hesse, “Reptilian Eggs from the Miocene of Texas,” Amer. 
Jour. Sci., in press. 

% Spelling of this name is Burkeville. Some authors have used Burkville, a spelling which is er- 
roneous. The town is named after John R. Burke, who gave the land on which was erected the first 
courthouse of Newton County in 1848. 


% A, C. Veatch, op. cit. (1906), p. 41. 


r 
{ 
i 
| 
| 


982 H. B. STENZEL, F. E. TURNER AND C. J. HESSE 


vey. Matson’s*’ descriptions of the location are also the most detailed ones avail- 
able. He described the place as follows: “. .. about 1 to 13 miles southeast of 
Burkeville” and “‘. . . south side of Cow Creek about one to one and a half miles 
from the town of Burkeville, Texas. The fossils occurred as casts and molds in 
lenses of limestone about four to six inches thick. These lenses are exposed in a 
small gully and the available area for collection does not exceed four or five square 
feet.” In contradiction to this statement of Matson, Dall wrote in the same pub- 
lication on the very same page: “Lastly, several localities near Burkeville, New- 
ton County, Texas, were discovered and explored for fossils by Messrs. Vaughan 
and Matson. These were, respectively, 1 (station 3614) and 3 (station 6440) miles 
southeast of Burkeville.” Considering that Dall never visited the place it is ob- 
vious that Matson’s statements are more reliable. 

In addition the authors have before them a copy of the report by Baker,?® 
which was later utilized by Dumble in his description of the geology of East 
Texas. In it Baker states that the fossiliferous material is “known only } mile 
east of Burkeville and south of Little Low Creek [misprint for Little Cow Creek], 
where fragmentary bones of land mammals and brackish water mollusks were 
found.” However, Baker’s collecting place may not have been the same as Veatch’s 
and Matson’s. 

There are many outcrops of brackish-water deposits in the vicinity of Burke- 
ville and, in view of the somewhat uncertain description of the location given by 
Veatch and Matson, it is not easy to decide to-day from which location these two 
had collected. Therefore, the present procedure has been to search all exposures 
in the vicinity of Burkeville for any brackish-water fossils. Such fossils were found 
by the writers in only three separate major exposures described in subsequent 
paragraphs as localities 175-T-1, 175-T-2, and 175-T-3. From these three places 
a sizeable fauna was obtained. Among these three places locality 175-T-3 best 
fits Matson’s description of his collecting ground insofar as direction and distance 
from Burkeville are concerned. In this opinion the writers are supported by Perry 
Olcott, Houston, Texas, who had mapped this region previously for the Humble 
Oil and Refining Company. 

The material collected there by Matson (U.S. National Museum Station No. 
6440) was inspected by the writers. It consists of a firmly cemented calcareous 
nodule conglomerate in which all invertebrate fossils except the oysters are pre- 
served as empty casts or calcite replacements. Abundant manganese films and 
dendrites make this conglomerate rather dark in color. The conglomerates found 
by the writers at locality 175-T-3 are associated with the oyster bank, bed d of 
the described section, and are very similar to, if not identical with, the National 
Museum material. However, they do not contain any casts of Potamides matsoni 
Dall and that fossil has not been found by the writers in the vicinity of Burkeville, 


27 G. C. Matson, im Alexander Deussen, 09, cit., p. 72. 
, in W.H. Dall, op. cit., p. 227. 


28 C. L. Baker, op. cit. 
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although other species mentioned by Dall were found. This lack is obviously 
somewhat disturbing; however, it is believed to have little if any significance. 

Matson emphasized that his collection came from an area of only 4-5 square 
feet, which is an unusually small exposure area. It is possible that Matson re- 
moved all of the material at this tiny exposure area, or erosion may have removed 
it completely in these 30 years. Or perhaps sediment or soil have covered it up or 
perhaps this tiny area escaped detection. Fossils are very unevenly distributed in 
the deposits near Burkeville, and many of the beds are barren or nearly barren of 
fossils. It is very well possible that Potamides matsoni Dall is or was restricted to 
that tiny exposure area of Matson. Therefore, the present writers believe that the 
failure to find this particular fossil species near Burkeville is readily explainable 
and fortuitous and thus lacks significance. 

In addition to the local arguments there is a regional argument. The fossilif- 
erous exposures near Burkeville are traceable eastward into Louisiana where the 
same stratigraphic level is known as the Castor Creek member of the Fleming 
formation. This member is fossiliferous in Louisiana too and contains a brackish- 
water fauna among which Potamides matsoni Dall is prominent. According to the 
researches of the staff of the Louisiana Geological Survey, particularly of H. N. 


_ Fisk, oyster banks are restricted in the Fleming formation to the Castor Creek 


member, which also contains the Potamides matsoni Dall. Even if that gastropod 
had never been found near Burkeville the exposures there would fall into the 
Potamides matsoni Dall zone and its stratigraphic equivalents through lateral 
correlation with the Louisiana Fleming formation. Perry Olcott, who has mapped 
the Fleming formation from Texas into Louisiana, agrees with the present writers 
in the essential points of this correlation. 


SURFACE FEATURES 


The more extensive outcrops of the calcareous brackish-water beds show 
characteristic weathering, soils, and physiographic features. The calcareous beds 
weather to drab gray olive-brown or gray greenish brown subsoil, and this in turn 
weathers into black, gummy clay soil. This soil becomes exceedingly sticky and 
muddy in wet weather and dries with numerous shrinkage cracks in dry weather. 
Its peculiar properties are not favorable for tree growth, and as a consequence 
bald prairies develop where this soil forms extensive tracts. The trees that man- 
age to take hold on these black prairie soils are gnarled or stunted. In some places 
a solitary dead tree is mute evidence of the unfavorable nature of the black prairie 
soil. These prairies are surrounded by the dense forests of the East Texas region 
in which pines are common. Most of the region is densely wooded and the prairies 
form only small isolated patches in the wide woods. 

The surface configuration of these prairies is gently rolling. However, in 
many places gullies are developing on the edges of the prairies and are destroying 
the gently rolling, grassy prairie surface. In one of the prairies (locality 175-T-1) 
the gullies have developed into an extensive badlands topography. It is in such 
gullies that the freshest exposures are found. 
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LOCATION 


There are three larger prairie tracts with gully exposures near Burkeville and 
south of Little Cow Creek (Fig. 2). Two of these tracts are west of State Highway 
87 (Burkeville-Newton road) and one is east of the highway. Besides these three 
larger prairie tracts and exposures are many smaller exposures of the calcareous 
clays chiefly in gullies or road cuts. 


= 


175-T-: 


Fic. 2.—Map showing location of fossiliferous Miocene outcrops near 
Burkeville, Newton County, Texas. 


The first of the three larger prairie tracts is Bureau of Economic Geology 
locality No. 175-T-1. It occupies nearly all of D. C. Stephenson 50-acre tract in 
Richard Simmons A-367 Survey and its center is about 1,000 feet southeast of the 
northwest line and about 4,500 feet southwest of the northeast line of the survey. 
The second locality, 175-T-2, is in small subdivided tracts of unknown ownership 
in this survey; its center is about 1,100 feet east of the center of locality 175-T-1, 
and the two are separated merely by a net of small, wooded creek branches. The 
third locality, 175-T-3, is in F. W. & R. D. Hines 180-acre tract in Richard Sim- 
mons Survey and its center is about 5,000 feet southeast of the northwest line 
and about 3,000 feet southwest of the northeast line of the survey and about 3,300 
feet airline distance from the center of locality 175-T-2. The airline distances to 
the nearest place on the highway are 2,800 feet for 175-T-1, 1,800 feet for 175-T-2, 
and 1,100 feet for 175-T-3. 
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The road log which will lead one to this place and also to the other two prairie 
tracts follows. 


Miles 
Burkeville; junction of State highways 87 and 63 in town. Go south on State Highway 87 
Burkeville; Church of God at entrance to town on left side of highway................-..06- 0.3 


First house on left side of highway and south of Little Cow Creek; stop here for locality 175-T-3 
which is in woods about one-fourth mile south-southeast of this house. ................++5 
For localities 175-T-1 and 175-T-2, continue on highway. Turn right (or west) on dirt road 


near group of houses; approximate direction of dirt road is N. 30° 
Last house on dirt road on left (or west) side of road; occupant is Tom Frazer................ 2.2 
From this house drive northeast on clay road past field with rail fence. 
Stop car in woods and walk westward to large abandoned prairie pasture, locality 175-T-1..... 2.42 
For locality 175-T-2 continue on same clay road; road leads between two gullies draining in 


DESCRIPTION OF BEDS 


Although these exposures are close together and there are several smaller 
exposures between them, it is not possible to trace any one bed throughout all 
exposures. Even within one exposure one can not trace an individual bed for any 
great distance, such are the irregularity, lenticularity, and discontinuity of the 
beds. Figure 3 does not represent a proved correlation from exposure to exposure, 
but rather the most likely arrangement. Also, the descriptions of the beds exposed 
at each locality (pp. 990-991) are not applicable throughout but concern only a 
restricted part of each locality so chosen as to convey the best and most complete 
information necessary to the understanding of the section. 

The beds exposed at these three places are composed chiefly of soft, pale 
greenish gray, thin-bedded to blocky or’massive, gummy, unctuous, silty, cal- 
careous clay. This clay contains hard and tough, irregular to roughly rounded, 
calcareous, concretionary nodules (Fig. 4 top). The nodules are up to 3 inches in 
diameter, but nodules smaller than 3 inches predominate. They are composed of a 
somewhat white limestone, chalky on the surface and finely cystalline in the in- 
terior, having many small, black-brown manganese dendrites and films. Some 
beds contain a great many of the nodules; very few of the calcareous clay beds 
are entirely free of them. Most nodules are arranged roughly in thin layers. Near 
the bottom of the section exposed at locality 175-T-1 is a bed d which is particu- 
larly rich in white nodules. This bed is traceable through localities 175-T-1 and 
175-I-2. Upon erosion of the clay, countless nodules remain behind and cover 
the slopes of the gullies and the tops of the shoulders between the gullies. The 
striking feature of the exposures is the abundance of white nodules scattered 
everywhere. 

These nodules are concretionary in origin. Similar nodules in calcareous clays 
of the Gulf Coastal Plain are known to be due to the present-day weathering of 
the clays and are restricted to the present-day erosion surface and its accompany- 
ing soils. Not so the limestone nodules of the clays near Burkeville. They do not 
have any relation to the present-day soils or erosion surfaces and are found in 


; 
4 
4 
0.9 
\ 
4 
i 
| 
j 
] 
| 
; 
: 
| 
4 
= 


175-T-3 


-(3300 FEET) ----- 


175-T-1 


FEET} ----—» |75-T-2 ------ 


SYMBOLS 


& MUSSELS = 


RIVER SNAILS 


SILT LENTIL 


CONGLOMERATE 
CONCRETIONARY. GASTROPODS 
P LIME NODULES PELECYPODS 


SILT, IN PART 
INODURATED 


BLACK LIME 
CONCRETIONS 


jas 


SKULLS 


\ 


SNAILS. 


FRESH-WATER MUSSELS 
RIVER 


CONCRETIONS 


| 
Hh 


‘a 


OYSTER BANK 


PEBBLES & OYSTERS 


| 


ill} 


OISTURBEO BEDS 
SUBAQUEOUS SLIDING 


WHITE NODULE BED 


=| 


BURKEVILLE, NEWTON COUNTY, TEXAS 


MIOCENE 


BY HB. STENZEL AND FE. TURNER — 1942 


Fic. 3.—Sections of three major Miocene outcrops near Burkeville. 
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Fic. 4.—Top: white calcareous concretions characteristic of clay beds near Burkeville, Newton 
County, Texas. 

Bottom: pebbles of marine pebble bed and oyster bank, bed f of locality 175-T-1 (Fig. 3). These 
pebbles were derived from white calcareous concretions similar to those shown above. 

o.7 of natural size. 
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the clays even in the freshest exposures and under considerable cover. They are 
also present in the clays in wells penetrating beyond the influence of surface 
weathering. The nodules must have grown in the clays at a very early date, most 
probably during or shortly after deposition of the clays in Miocene time. This is 
indicated by the fact that some of the nodules were washed out of the clays and 
concentrated to form a conglomerate in Miocene time. Miocene oysters are grown 
onto some of the worn and rolled lime nodule pebbles (Fig. 6). 

Next to the clay the most common component of the beds is light gray, cross- 
bedded to lenticular-bedded, argillaceous silt. Most of the silt beds do not differ 
appreciably in appearance from the clay and are hard to detect. Parts of some 
silt beds are indurated by calcium carbonate either to thin, small, white, flat or 
rod-like or irregular stones or to large, irregular, cross-bedded, silty sandstone 
blocks. These indurated pieces are usually only a very small part of the entire 
silt bed, in which they occur. 

At one place in locality 175-T-3 the silt beds are highly disturbed and show 
a slippage or fault plane (Fig. 3 right bottom). The top of these silt beds is bev- 
eled, and clay beds rest on the beveled edges with an angular unconformity. If 
these disturbed beds are traced laterally in the outcrop the underlying silt beds 
are seen to flatten gradually and the unconformity gradually fades out. This dis- 
turbance is local and is obviously Miocene in age. It is probably a case of sub- 
aqueous slipping of unconsolidated sediment in Miocene time. 

Much rarer than the clay and the silt are large limestone concretions. These 
concretions are hard, brittle, 4-6 inches thick, flat to pancake-shaped, and sooty 
black to dark brown in prevailing outside color. They are ordinarily somewhat 
wavy in outline if they are extensive. Innumerable cracks break them into small 
sharp slivers or blocks. The material is hard, whitish gray, earthy, argillaceous 
limestone with many small, sooty black manganese dendrites. Nearly all these 
concretions are barren of fossils. Only two river snail imprints were found in 
them. However, here and there a limestone concretion of this kind is formed 
around a vertebrate skull as a nucleus. The beaver skull (Amblycastor, n. sp. 
Hesse) and the camel skull were found in this position. Such skulls are ordinarily 
so tightly enclosed in the matrix of the concretion that their removal is hardly 
possible and only weathering can free them. Brain casts have been produced by 
the calcium carbonate in the interior of these skulls. 

Conglomerates or gravels are present at several levels in the section. However, 
only one conglomerate is extensive; it is bed f of locality 175-T-1. This conglom- 
erate layer is discontinuous. A single lentil ordinarily does not occupy more 
than a few square yards, but the several lentils are strung out in the same stra- 
tigraphic level. In this way the conglomerate bed is traceable for 400 feet. The 
pebbles of the conglomerate are similar in composition to the afore-described con- 
cretionary limestone nodules. Presumably the pebbles originated from the de- 
struction of clay beds which contained such calcareous nodules. These pebbles 
have undergone considerable rolling, because they are smoother and generally 
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much smaller and much better rounded than the average of the undisturbed, 
concretionary calcareous nodules, which are still in their original place in the © 
clay beds (Fig. 4). The pebbles do not have the same color as the undisturbed 
nodules but tend to have a slightly oxidized hue of pale rusty orange to light gray 
or white color and lack the black manganese dendrites so common in the un- 
disturbed nodules, if they are uncemented and embedded in clay. However, if 
the pebbles are cemented by calcium carbonate into hard conglomerate rock, 


' black manganese dendrites may be present in addition and over the oxidized hue 


as a secondary feature. The over-all color of such conglomeratic rock may be 
rather dark. The material collected by Matson is of such appearance. Such ma- 


Fic. 5.—-Conglomerate from oyster bank, bed d of locality 175-T-3 (Fig. 3). 


terial was also found by the present writers in the oyster bank of locality 175-T-3. 
With it were found many single loose pebbles. At locality 175-T-1 in bed f the 
pebbles are not cemented but lie loose in a clay matrix. 

Invertebrate fossils occur scattered throughout the section but are rare as a 
rule. The oysters are the most common of the invertebrates. At locality 175-T-3 
they form an oyster bed several inches thick and covering a few square yards. 
Outside of this bed oysters are not plentiful. The next best collecting of oysters 
may be made in the conglomerate, bed f of locality 175-T-1, where a few loose 
valves are everywhere present. Some of the oysters in the conglomerate of locality 
175-T-1 and in the oyster bed of locality 175-T-3 are grown onto pebbles. Oysters 
were found as high in the section, as the top of bed g in locality 175-T-1. 

The snails are found in the calcareous clay beds, but most of them are so 
rotted that they do not appear on the surface and can not be collected. Only in a 
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few places and beds are the snails preserved so that they are strong enough to 
appear at the weathered surface of the clay and can be collected. Near the top 
of bed g, in locality 175-T-1, some of the snails and the unios are filled with limo- 
nite and may be collected as casts. Some of the snails are preserved here as 
imprints and are in a silt, firmly cemented by limonite and filling the interstices 
of a calcareous nodule conglomerate. At locality 175-T-3 near the top of the clear- 
ing the snails and unios weather out of the clay as whole or nearly whole shells. 

Vertebrate fossils are not common. They are found scattered in the clay above 


Fic. 6.—Oyster growing on pebhle. Bore holes of mud worm Polydora are visible at top right of 
oyster shell and in pebble near attachment of oyster. Each worm makes two interconnected holes in 
outline like a dumbbell. Natural size. 


the conglomeratic layer. The two skulls mentioned came from the concretion 
layer, bed h, of locality 175-T-1. Thus the vertebrate and the invertebrate fossils 
occur intermingled in the same beds. 


DESCRIPTION OF BEDS EXPOSED AT LOCALITY 175-T-I 


Thickness 
(Feet) 
m. Plastic, greenish gray, unctuous, thin-bedded to massive, silty, calcareous clay with few 
1. Silt, as k, but without cement; beds j, k, and | form one silt lentil with curved bottom 
k. Greenish gray, cross-bedded and lenticular silt, in many places calcareously cemented in- 
“Sard, waite, fatand thin slabs of 
h. Hard, black-gray, flat calcareous concretions, one of which contained a ruminant skul 


and another a Goniobasis n. sp. Stenzel & Turner 
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g. Plastic, greenish gray, thin-bedded, calcareous clay; upper part contains some conglom- 
erate with hard, brown, limonitic silt filling the interstices and having casts of Goniob- 


f. Oysters and conglomerate composed of rolled, white or rusty orange, calcareous nodules. 0.4 
e. Gray, unctuous, massive clay with few or nocalcareous nodules; weathers drab brown... 6.0 
d. Whitish, calcareous nodule layers in greenish gray, poorly bedded to lenticular, argil- 
laceous silts which are partly indurated into flat, thin, and small silt flagstones........ 4.5 
c. Rust-brown and gray-green, massive clay with few whiteconcretions................. 2.3 
b. Gray, poorly bedded, argillaceous silt with thin, greenish gray clay beds which have 
a. Two beds of greenish gray, poorly bedded to massive, argillaceous silt separated by rust- 
brown, unctuous clay beds, bottom not exposed... 2.5+ 
Total 37.7+ 
DESCRIPTION OF BEDS ExposEp aT Locatity 175-T-2 
Thickness 
(Feet) 
k. Plastic, greenish gray, unctuous, thin-bedded to massive, silty, calcareousclay.......... 5.0+ 
j. Hard, greenish gray and black, flat, calcareous concretions................0.---0000ee 0.4 
Hard, gray-white, calcareous silt, firmly cemented. 0.2 
b. Plastic, greenish gray or brownish gray, massive clay with some small, white, calcareous 
nodules; dove-gray on surface; lower part more greenish on surface. ..............+-. 18.5 
a. Whitish lime nodule layers crowded in greenish gray, poorly bedded to lenticular, argil- 
Total 29.0+ 
DESCRIPTION OF BEDS ExposED AT LOCALITY 175-T-3 
Thickness 
(Feet) 
i. Clay containing snails and mussels, largely overgrown, to top of hill................. 5-4 
f. Hard, brittle, large, flat to rounded, calcareous concretions with many manganese den- 
d. Oyster bank with some white and rust-orange, calcareous nodule boulders and pebbles, 
which are cemented to hard conglomerate in a few 0.5 
b. Greenish gray, laminated silt partly indurated to paper-thin, small siltstone........... o.1 


Total 24.6+ 


ENVIRONMENTAL CONDITIONS 


SEDIMENTS 


Certain features of the beds exposed near Burkeville are indicative of the en- 
vironmental conditions which prevailed at the time the beds were deposited. For 
instance, by far the greater part of the section consists of greenish gray or dove- 
gray, silty, calcareous, gummy clay. The bedding of this clay is even and parallel 
where it is visible, and the thickness of the individual beds varies from about 1 to 
3 inches or more, giving the clay a thin-bedded or blocky or massive appearance. 
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The clay is nowhere so thin-bedded that it might be called laminated. The grain 
size, composition, and type of bedding of this material are indicative of water- 
laid deposits. 

The silt beds are highly argillaceous so that they can be separated from the 
clay beds only by close inspection. They grade into the predominating clay later- 
ally and vertically; their color is gray or greenish gray; their bedding is similar to 
that of the clay beds but varies also to lenticular and cross-bedded. 

Some silt beds, for instance beds j, k, and 1 in locality 175-T-1, and beds c to g 
in section 175-T-2, compose a more definite lentil. This silt lentil is traceable 
from locality 175-T-1 to locality 175-T-2. The lentil is elongate horizontally west 
and east, at least 1,400 feet long. However, north and south the lentil is very nar- 
row. At locality 175-T-1 it is seen to pinch out from 4.7 feet thickness to nothing 
ina distance of 35 feet both ways; at locality 175-T-2 it is traceable north and 
south for a distance of 200 feet only. At locality 175-T-1 the top is nearly level 
and the base of the silt lentil is curved to meet the top. Cross-bedding predomi- 
nates in this lentil. The lentil is obviously water-laid and represents possibly the 
fill of a tidal or fluvial channel. 

At one place in locality 175-T-3 there is an exposure of highly disturbed beds 
simulating faulting. The beds involved are argillaceous silts and silty clays. Lat- 
erally the disturbed beds flatten and merge into the normal undisturbed section 
in a distance of 30 feet. Such locally disturbed beds are characteristically silts 
and clays and are not uncommon in the Tertiary of the Gulf Coastal Plain. The 
disturbances are ordinarily restricted laterally as well as vertically; that is, un- 
disturbed beds overlie and underlie them. Such disturbances are probably due to 
subaqueous sliding and are indicative of shallow-water deposits. 

In this particular case the tops of the disturbed beds are beveled and Miocene 
clays of the same character lie on the beveled edges. The ensuing local angular 
unconformity is thus intraformational. If the horizon of the beveled tops of the 
disturbed beds is traced laterally it is seen to merge into the conglomerate-bearing 
oyster bank near by (Fig. 3). This condition seems to point to wave action or tidal 
currents as the agent responsible for the truncation of the subaqueous slide. 

Wave action or tidal currents are indicated also by the conglomerates. These 
conglomerate lentils contain pebbles made from the small concretionary calcare- 
ous nodules, which are abundant in some of the clay beds. Waves or tidal cur- 
rents destroyed such nodule-bearing clay beds, removed the clay, and rolled the 
accumulated nodules about. A considerable amount of rolling and wear is indi- 
cated, because the average of the pebbles is much smaller and better rounded 
than the average of the undisturbed concretionary calcareous nodules (Fig. 4). 
The rolled pebbles of the conglomerate lentils also show a slight amount of 
oxidation. Their color is faintly rusty orange in many places, indicating oxidation 
of the finely distributed iron compounds. On the other hand, the concretions 
where found in their original place are white or gray or have black manganese 
dendrites. 
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FOSSIL FAUNA AND FLORA 


The second and perhaps more complete source of information concerning the 
environmental conditions under which the sediments were deposited is the fauna 
and flora entombed in these beds. 

The accompanying fauna and flora consist of the following. 


VERTEBRATES 
?Desmostylus Sea cow, teeth 
?Prosynthetoceras Primitive horned ruminant, horn core and tooth 
Blastomeryx? Deer-like animal, toe bone and tooth 
Camelidae indet. Camel, bones 
Merychippus sp. Horse, jaw and teeth 
A phelops sp. Rhinoceros, leg bone 
Amblycastor n. sp. Hesse Beaver-like animal, skull 
Aves indet. Bird, bone 
Crocodilia indet. Crocodile, skin plates and teeth 
Chelonia indet. Turtle, bones 
Reptilian eggs Reptile, eggs 
Phyllodus sp. Wrasse, teeth 
Ameiurus sp. Catfish, spines 
Lepisosteidae indet. Gar-pike, bones, scales, and skull 
Plinthicus sp. Eagle ray, tooth 
Rhinoptera sp. Eagle ray, teeth 
INVERTEBRATES 


Potamides matsoni Dall 
Goniobasis miocaenica Stenzel and Turner 


Pleurocera acutum burkevillense Stenzel and River snails 


Turner 
Unio sp. River mussel 
Ostrea normalis Dall Oyster 
Polydora sp. Mud worm 
Rotalia beccarii (Linné) Foraminifer 
PLANTS 
Charophyte oogonia 


On first inspection this list appears incongruous, because mutually exclusive 
habitats are represented by the fossil remains. Snails of the genus Pleurocera are 
river dwellers which do not inhabit intermittent streams, ponds, or lakes, except 
as the latter may form part of a stream system; and they are equally unknown 
in brackish waters. On the other hand, the oyster, which is the most abundant 
form, requires salt or brackish water. Finally, several of the mammals are land 
animals, whose habitat is not necessarily close to any large body of water. Such 
divergent fossil assemblages are not uncommon and need not be contradictory. 
Much of the mixture of habitats represented by these fossils is due to the fact 
that the place where a bone or shell is finally embedded in sediment is not neces- 
sarily the place where the animal lived. There are numerous possibilities of trans- 
portation after death and before final burial in a sediment. 

The oysters occur scattered nearly in the entire exposed section and in definite 
oyster banks. Such banks are neither extensive nor thick; they are at the best 
0.5 foot thick and lenticular; each lentil occupies a few square yards, but the 
different lentils are commonly aligned in the same stratigraphic level. The oysters 
are obviously entombed in the place where they lived, because the oyster beds 
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are preserved as such, and many oysters are found in intact clusters growing on 
calcareous nodules and one on the other. The oysters are mostly young and rarely 
as long as 7 centimeters. The oyster-bank fauna is very poor in species but rich 
in individuals, a rather monotonous assembly. Such assemblies are due to extreme 
environmental conditions, which allow only those few species to flourish that are 
well able to stand the extreme conditions. The lack of a diverse accompanying 
fauna of other pelecypods and gastropods, sea urchins, and the like makes it 
apparent that the oyster banks grew not in sea water of normal salinity but in 
brackish water, which is after all the preferred location of oyster banks. The poor 
development of the oysters and their beds near Burkeville is indicative of poor 
growing conditions. Presumably, the oysters lived at the extreme of their toler- 
ance of low salinity. 

Mixed with the fossil oyster shells one finds teeth of rays (Plinthicus and 
Rhinopiera) and sea cows (Desmostylus sp.). Both kinds of animal had teeth es- 
pecially adapted to the crushing of shells and both lived off the oysters. In this 
connection it is interesting to note that the same sea-cow genus (Desmostylus) 
occurs among fossil oyster banks in the Miocene of the west coast of North 
America. This sea-cow genus is extinct to-day and surviving sea cows do not 
have teeth adapted to shell crushing. However, rays count also to-day among 
the most destructive enemies of the oyster. 

Many of the fossil oyster shells have the tiny loop-shaped bore holes made by 
the annelid mud worm Polydora (Fig. 6). This small animal is also known to-day 
and represents a real danger to present-day oyster beds. Oysters living to-day 
along the Atlantic and Gulf coasts of North America are infested by the Polydora 
ciliata (Johnston) which has been studied recently by G. R. Lunz.”* This biologist 
reports: 

This particular pest is a small annelid which causes a “mud blister’ in the oyster. 
This is a small, irregular, often pear-shaped, blister of mud, formed on the surface of the 
inside of the valve. The oyster covers this daub of mud with a layer of nacre. Within the 
blister one finds the annelid, which has access to the outside through two tunnels opening 
along the edge of the shell. The worm has been identified by Dr. Olga Hartman as Polydora 
ciliata (Johnston). Although Polydora is well known, its occurrence in such abundance 
as to become an oyster pest seems as yet unreported in the U.S. 

The worm upsets the normal life of the oyster by restricting its living space and gener- 
ally weakening it. Infested oysters, although not unfit for food, are not readily salable be- 
cause of their unsightly appearance. 

I have had these worms and the blister they cause under observation since 1935. 
Indications are that the worms were prevalent in South Carolina even in pre-colonial 
days. An examination of numerous samples of South Carolina oysters shows that approxi- 
mately 30 per cent of the oysters are infested with Polydora. 


According to Lunz*® Polydora is more prevalent in intertidal waters of low 


29 G. R. Lunz, “The Annelid Worm Polydora as an Oyster Pest,” Science, N. S., Vol. 92 (1940), 
Pp. 310. 

30 G. R. Lunz, Jr., “Polydora,a Pest in South Carolina Oysters,” Elisha Mitchell Sci. Soc. Jour., 
Vol. 57, No. 2 (1941), pp. 273-83. 
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salinity and prefers its oysters on a muddy or soft bottom rather than on a firm 
or hard bottom in South Carolina. Present-day conditions on the coast of the 
South Carolina Coastal Plain are presumably similar to those of Miocene time 
on the coast of the Texas Coastal Plain. 

There are also among the fossils an upper right pharyngeal and a few small 
rounded teeth which seem to belong to a fish of the family Labridae and the 
genus Phyllodus. This family, the wrasses, are marine and chiefly tropical in dis- 
tribution to-day. 

The foraminifer Rotalia beccarii (Linné) has today its optimum development 
in shallow, brackish coastal waters.*! For instance, the shore sands of San Fran- 
cisco Bay abound in specimens of this foraminifer; but it has not been found 
in samples from the littoral zone of the open-ocean coast of the Pacific. Collections 
from other bays of western North America include this species. The same may be 
said for the coasts of Louisiana and Texas. In the brackish Maracaibo Lake in 
Venezuela lives an association of foraminifers like that of San Francisco Bay with 
abundant Roftalia beccarit (Linné). There is no reason to assume that the habits 
of this foraminifer have changed since Miocene time. 

The fossil river snails (Goniobasis and Pleurocera) are not found in the oyster 
banks but occur together with the river mussels (Unio) in somewhat higher parts 
of the section in two localities. Representatives of the same genera are living to- 
day. These modern representatives live in fresh river waters and nearly all are 
intolerant of brackish water. 

In many present-day rivers, the original horny brownish covering membrane 
of the shell or the so-called periostracum is missing over the tip of the spire of 
snails and over the umbones of all adult mussels. These places are deeply etched 
and pitted in such cases. This condition is due to the acid reaction of the river 
water which attacks and corrodes the calcium carbonate of the shells. The corro- 
sion is usually localized in these places because they are the oldest and most 
exposed portions of the shell. The tip of the spire in every specimen of the two 
species of fossil river snails from Burkeville is corroded and fractured (Fig. 7). 
The fossil river 'mussels (Unio sp.) from Burkeville are damaged even to a 
greater extent. Part of this damage is purely mechanical; that is, due to breakage 
during transportation. However, corrosion is certainly also responsible for the 
lack of the spire tip in the snails and the lack of the umbonal points in the mussels 
in the Miocene of Burkeville. These observations corroborate what is known of 
the habitat of such river snails and mussels. 

Breakage among these fossils is all too obvious, and it seems an unescapable 
conclusion that these fossils were transported for a considerable distance before 
they were embedded in Miocene time in the clay which now encloses them. In 
the case of a river this transportation would probably be in a downstream direc- 

31H. G. Schenck, “Applied Paleontology,” Bull. Amer. Assoc. Petrol. Geol., Vol. 24 (1940), p. 


1762 and Fig. 4. 
“W. A. Macfadyen, “Post-Glacial Foraminifera from the English Fenlands,” Geol. Mag., Vol. 75, 


No. 891 (1938), pp. 412, 415. 
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tion and the shells may have finally reached a resting place in lime-rich muds 
near the mouth of the river. Indicative of fresh-water rivers are also the remains 


Fic. 7.—River snails and mussels from Miocene clay beds near Burkeville. 

Top row: River snail Pleurocera acutum burkevillense Stenzel & Turner 

Second row from top: River snail Goniobasis miocaenica Stenzel & Turner 

Bottom two rows: River mussels (Unio). 

All twice natural size. 

The snail, second from left in second row from top, exhibits very well the etching of the spire tip, 
which is characteristic of river snails. 


of Lepisosteidae, the gar-pikes, and Ameiurus sp., a catfish. The former are repre- 
sented by scales and incomplete skull bones, the latter by bony fin-spines. 

The several fossil land mammals, horse, rhinoceros, deer, horned ruminant, 
and camel, are obviously buried in a place where they did not live. These fossils 
were probably washed in from upstream as floating and disintegrating carcasses. 
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On the other hand, it is possible that the beaver lived very nearly in the same en- 
vironment as the fossil river snails and mussels. 

As a whole, the sedimentary environment of the strata near Burkeville, as 
it is indicated by the sediments and fossils, fluctuated from flowing fresh-water 
streams to somewhat brackish coastal waters. The fluctuations from one to the 
other did not involve great changes in physical conditions nor did the geographic 
distribution of land and sea have to change much to produce all the various sedi- 
mentary environments represented in the beds near Burkeville. Most plausibly 
the locale was near the mouth of a river system emptying into a brackish-water 
lagoon along the Miocene coast of Texas. 


ENVIRONMENTAL DISTRIBUTION OF FAUNA 
BRACKISH-WATER—OYSTER-BANK FAUNA 


Ostrea normalis Dall Oyster; chief food source 

Rhinoptera sp. Ray; oyster enemy 

Plinthicus sp. Ray; oyster enemy 

Desmostylus sp. Sea cow; oyster enemy 

Polydora sp. Mudworn;; parasite of oyster 

Phyllodus sp. Wrasse 

(Potamides matsoni Dall Snail) 

(Crocodilia indet. Crocodiles or alligators) 

Rotalia beccarii (Linné) Foraminifer 
FRESH-WATER—RIVER FAUNA 

Lepisosteidae indet. Gar-pikes 

Ameiurus sp. Catfish 

Amblycastor n. sp. Hesse Beaver-like rodent 

(Potamides matsoni Dall Snail) 

Goniobasis miocaenica Stenzel & Turner River snail 

Pleurocera acutum burkevillense Stenzel & Turner River snail 

Unio sp. River mussel 

(Chelonia indet. Turtles) 

(Crocodilia indet. Crocodiles or alligators) 
Firm 

A phelops sp. Rhinoceros 

Merychippus sp. Horses 

Camelidae indet. Camels 

Blastomeryx? Deer-like ruminant 

Prosynthetoceras? Horned ruminant 

(Chelonia indet. Turtles) 


Note.—Parentheses indicate uncertainty in assignment to a definite environment. 
STRATIGRAPHIC EVALUATION 


The stratigraphic evaluation of the Burkeville exposures rests on the evidence 
presented by the fossil fauna and the general stratigraphic relationship of the 
beds. Of these two criteria the fossil fauna obviously is the one with the greater 
significance in this investigation, because a varied and important fauna has been 
found in the last few years presenting hitherto unknown data. 


FAUNAL RELATIONSHIP 
INVERTEBRATES 


The stratigraphic value of the fauna recovered from the clay beds near Burke- 
ville varies from species to species. Whereas some species afford excellent local 
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correlations, others give valuable regional and even intercontinental correlations 
and still others remain nearly useless for this purpose. Even the invertebrates 
differ in value among themselves and obviously also from the verebrates. 

Among the invertebrates, Potamides matsoni Dall, Goniobasis miocaenica 
Stenzel and Turner, Pleurocera acutum burkevillense Stenzel and Turner, Unio sp., 
and Rotalia beccarii (Linné) are of value insofar as they allow us to recognize and 
trace this particular stratigraphic horizon laterally into Louisiana and downdip 
into the subsurface beds of the Gulf Coastal Plain. On the other hand, the com- 
mon oyster of the clay beds near Burkeville has a correlation value of greater 
lateral reach because the species is found in the Gulf Coastal Plain as far east as 
Florida. 

The invertebrate fauna as a whole may be used to advantage in correlation 
if it is compared with other similar or partly similar faunas found in distant re- 
gions. This procedure was used by W. H. Dall. 

Dall’s age determination of the Burkeville material as Pliocene rested on the 
best evidence available at that time. However, Dall failed to explain in his report 
on what bases or inferences it rested. The present writers presume that Dall’s 
conclusion rested possibly on two inferences. First, there were certain species 
supposedly common to Burkeville and a bluff on the Satilla River in Georgia and 
the latter locality was supposed to be Pliocene. Second, the Burkeville oysters 
were considered by Dall to be Ostrea virginica Gmelin. These two possible infer- 
ences are discussed in the next paragraphs. 

Dall’s first possible line of thought stems from a comparison of the fauna 
from the Potamides matsoni zone with that from a bluff on Satilla River in 
Georgia. The marl bank of the bluff on Satilla River was originally examined by 
S. W. McCallie and its fossils were described by T. H. Aldrich.* Later the outcrop 
was considered by Veatch and Stephenson*® to belong probably to their newly 
named Charlton formation. According to Dall the following fossils from the 
Potamides matsoni zone of Louisiana and Texas occurred also in the Satilla River 


bluff of Georgia. 
Rangia cuneata solida Dall Paludestrina plana Aldrich 
Mulinia sapotilla Dall Neritina sparsilineata Dall 


Pachychilus satillensis (Aldrich) 


There is no material from this Satilla River bluff available to the present 
writers nor is material from the Potamides matsoni zone outside of Texas. There- 
fore, the present discussion is largely dependent on Aldrich’s and Dall’s state- 
ments and the copious material from Burkeville. The two paleontologists were 
not in agreement. Aldrich stated that there were two species of Neritina in his 
material, one of which was “‘too poor for identification” and the other consisting 


8 T. H. Aldrich, “Notes on Some Pliocene Fossils from Georgia with Descriptions of New Spe- 
cies,” The Nautilus, Vol. 24 (1911), pp. 131-32, 138-40, Pls. 8-10. 

33 Otto Veatch and L. W. Stephenson, “Preliminary Report on the Geology of the Coastal Plain 
of Georgia,” Georgia Geol. Survey Bull. 26 (1911), pp. 392-400. 
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of fragments alone. Aldrich listed both as Neritina . . . sp.? Yet Dall confidently 
identified the Neritina specifically but knew only one species. The Mulinia was 
identified by Aldrich as M. lateralis Say and M. congesta Conrad and the Rangia 
as Rangia cuneata Gray. 

Dall listed also from Burkeville Pachychilus satillensis (Aldrich) and Palude- 
strina plana Aldrich. These species were not found at Burkeville by the present 
writers. 

All in all, it seems to the present writers that this line of thought is based on 
too many uncertain data. First, the age of the marl strata from the Satilla River 
bluff in Georgia is dubious and their inclusion in the Charlton formation of 
Georgia is uncertain. Second, the presence of identical forms in the marl strata 
of the Satilla River bluff and in the Burkeville fauna is not proved and is also 
not of such high correlation value as to make a Miocene age of the Burkeville 
fauna impossible. A review of all these faunas with adequate material seems in 
order. 

Dall’s second possible line of thought concerns the oyster species abundant 
at Burkeville. The oysters from Burkeville were misidentified by Dall, because 
the material available to him was poor. He identified the oyster as Ostrea (Cras- 
sostrea) virginica Gmelin. Whereas, the Burkeville oysters are most certainly not 
Ostrea virginica, they are Ostrea (Ostrea) normalis Dall. 

On the other hand, the real Ostrea (Crassostrea) virginica Gmelin is the com- 
mon oyster living to-day along the east and south coasts of North America from. 
Canada to Mexico. It is known also as a fossil in the Pliocene Caloosahatchie 
formation of Florida. The two oyster species are not similar nor is the former 
near related or ancestral to the latter. The two species belong even to two differ- 
ent subgenera of Ostrea. 

The Ostrea normalis Dall* is the most common invertebrate fossil present at 
Burkeville. The same species is found also in the Miocene “Hawthorne beds” and 
their partial equivalent, the Chipola formation, of Florida. There it is widely 
distributed; Julia Gardner listed 19 collections from that formation which con- 
tained the species. This stratigraphic distribution would seem very fitting, be- 
cause it corroborates the results obtained from the vertebrate fossils. However, 
it is most probable that this oyster species had a very similar or even identical 
ancestor species before and a like descendant species after Hawthorn time. An 
indication of the presence of such later form is perhaps the Tampa limestone 
oyster Ostrea normalis caducaqua Mansfield,® although very little definitely is 
known about this form. Yet, at the time this paper is being written, all the avail- 


% W. H. Dall, “Contributions to the Tertiary Fauna of Florida, with Especial Reference to the 
Miocene Silex-Beds of Tampa and the Pliocene Beds of the Caloosahatchie River,” Trans. Wagner 
Free Inst. Sci. Philadelphia, Vol. 3, Pt. 3 (1895), pp. 684-85. 

Julia Gardner, “The Molluscan Fauna of the Alum Bluff Group of Florida,” U. S. Geol. Survey 
Prof. Paper 142 (1926), p. 43, Pl. 11, Figs. 3-4. 


35 W. C. Mansfield, “‘Mollusks of the Tampa and Suwanee Limestones of Florida,” Florida Dept. 
Conservation Geol. Bull. 15 (1937) p. 203. 
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able information on oysters in the Gulf Coast Miocene and Pliocene allows only 
one correlation and that is the correlation with the Hawthorn beds of the Miocene 
of Florida. 

The vertebrates too correlate well with those found in the Hawthorn beds of 
Florida. Thus it seems certain that the age of the Burkeville fauna is Miocene. 
As the Hawthorn beds of Florida are middle Miocene in age it is necessary to 
place the Burkeville fauna in the middle or upper Miocene. The writers place 
the Burkeville fauna in the upper Miocene, because the Burkeville vertebrates 
are related to other upper Miocene (Barstovian) faunas of North America (see 
succeeding pages). 

VERTEBRATES 


The vertebrate fauna recovered is a fragmentary one, as are all similar Gulf 
Coast faunas. In the following pages it is interpreted in the light of other collec- 
tions from this area. These other faunas are thus far unpublished. Many years 
ago similar fragmentary faunas were collected at scattered localities on the west 
coast of North America. Gradually, as this evidence was built up, order and se- 
quence in those faunas became apparent, and a stratigraphic series has now been 
established. Somewhat the same method of attack is being used here on the Gulf 
Coast. 

In the following discussion no new forms are described, since no figures are 
to be published. New forms are, however, indicated where t .ey occur. Only those 
salient points that contribute to the age and distribution of the animals are in- 
cluded here. The formal description of the specimens will be included in the more 
lengthy report, which is in preparation. 


Sub-class ELASMOBRANCHIL 
Family MyLoBaTIpAE (Eagle Rays) 
Rhinoptera sp. 


Several of the small comb-like teeth of this genus have been found in the 
oyster bed at locality 175-T-3. This genus has been known from North America 
since 1855, but only two species of it have been described. The first, Rhinoptera 
dubia, was described by Leidy*® and has been recorded from the upper Eocene of 
New Jersey and the Miocene of Maryland and New Jersey. The second species, 
Rhinoptera smithii, described by Jordan and Beal,*’ was collected in the Monterey 
Miocene of California. A detailed study of the Burkeville teeth should show to 
which of the foregoing species the Texas form is most closely related. 


% J. E. Leidy, “Indications of Twelve Species of Fossil Fishes,” Proc. Acad. Nat. Sci. Philadelphia, 
Vol. 7 (1855), p- 396. 


37 D. S. Jordan and C. H. Beal, “Supplementary Notes on Fossil Sharks,”’ Univ. California Pub., 
Bull. Dept. Geol. Sci., Vol. 7 (1913), p. 246, Fig. e. 
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Plinthicus sp. 


One tooth of this form was collected at 175-T-3. The genus was established 
by E. D. Cope** under the name Plinthicus stenodon, based on a single tooth 
collected in the Kirkwood Miocene of New Jersey. A. S. Woodward*® suggests 
that this genus is but doubtfully distinct from Stoasodon (Aetobatus). However, 
little additional material has been found and this point remains unsettled. The 
single tooth from Burkeville will not add materially to the knowledge of this 
form, but it does establish a new locality record. 


Sub-class GANOIDAE 
Order PROTOSPONDYLI 
Family LEpIsosTEIDAE (Bony Pikes) 


Fragments of ganoid scales and incomplete skull bones found in the oyster 
bed at locality 175-T-3 are similar to those found at other Gulf Coast localities. 
Their accurate identification is not possible until more complete material is ob- 
tained. They were large fishes, a yard or so in length, and belonged to a primitive, 
surviving group, as does the living gar-pike Lepisosteus osseus. That these fossil 
fish were somewhat different from the recent form is shown by the lack of groov- 
ing on the posterior margins of the fossil scales. 


Sub-class TELEOSTEI 
Order OSTARIOPHYSI 
Family (Cat Fishes) 


Ameiurus sp. 


A large bony spine from the anterior part of the pectoral fin and the base of 
the second smaller specimen were collected in the oyster bed at locality 175-T-3. 
They are similar to spines described by Hay*® from the Oakville sandstone in the 
Garvin gully, Grimes County, Texas. These spines were referred by him to the 
catfish under the name ?Ameiurus decorus. The Burkeville specimen is larger 
and more robust than are the specimens from Grimes County. This family of 
fishes is widespread in temperate and tropical regions and ranges in time from the 
Eocene to Recent. In North America the genus A meiurus has been recorded from 
the Green River Eocene, the White River Oligocene, the Sheep Creek and Snake 
Creek Miocene, and the Pleistocene. These are fresh-water fishes, and fossil re- 
mains are rare. 

38 FE. D. Cope, “Descriptions of Some Extinct Fishes Previously Unknown,” Proc. Boston Soc. 
Nat. Hist. (1869), Vol. 12, p. 316. 


39 A. S. Woodward, Catalogue of the Fossil Fishes in the British Museum, Part 1, Elasmobranchii, 
London (1889), p. 459. 


*'0: P. Hay; Pg gmc of Some Fossil Vertebrates from the Upper Miocene of Texas,” Proc. 
Biol. Soc. Washington, Vol. 37 (1924), p. I. 
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Order ACANTHAPTERYGII 
Family LABRIDAE (Wrasses) 


Phyllodus n. sp. 


An upper right pharyngeal, incomplete, and a few small rounded teeth seem 
representative of this family. The wrasses are chiefly tropical in distribution to- 
day and originated in the Eocene. The genus Phyllodus has been recorded from 
the Cretaceous of New Jersey, the Eocene of Virginia, and the Miocene (Kirk- 
wood) of New Jersey.“ Unfortunately, as the latter specimen has never been fig- 
ured, no direct comparison can be made. Leidy’s® Protautoga conidens from the 
Miocene of Virginia seems to have larger, somewhat more pointed teeth than 
the East Texas form. None of this material is really sufficient for generic determi- 
nation, but similarities may be readily seen between specimens and are worth 
noting. 

Class REPTILIA 
Order CHELONIA (Turtles) 


Fragments of turtles are common in the exposures at Burkeville. None of the 
fragments is that of a large form, nor do any of them seem to be of soft-shelled 
turtles. The material indicates two different kinds of moderate-sized turtles, one 
with a smooth carapace and the other pitted. A number of miles west of Burke- 
ville, near Cold Spring, San Jacinto County, the genus Testudo is represented by 
fairly complete material believed to be T. fairi. The smooth plates in the Burke- 
ville collections are similar to this specimen. The incomplete pitted plates are not 
common in this exposure or at other Gulf Coast localities; they probably are parts 
of some relatively rare form. 

At locality 175-T-1 a few disc-shaped objects were picked up. Close study of 
these peculiar specimens has suggested the possibility that they are fossilized 
turtle eggs. These interesting specimens will be discussed in detail in a separate 
report. 

Order CRocopILiIa 


A few incomplete skin plates and teeth of some sort of crocodile or alligator 
have been collected at the Burkeville exposures. However, they are by no means 
as common as they are at other East Texas localities. 


Class AVES 


A phalanx of a medium-sized bird was collected at locality 175-T-3. It is some- 
what larger than a duck but is definitely not one of the larger water birds. It is 
not sufficient for even a family determination. 


4. H. W. Fowler, “A Description of the Fossil Fish Remains of the Cretaceous, Eocene, and Mio- 
cene Formations of New Jersey,” New Jersey Geol. Survey Bull. 4 (1911), pp. 184-85. 


42 Joseph Leidy, “Contributions to the Extinct Vertebrate Fauna of the Western Territories,” 
U.S. Geol. Geog. Survey Terr. (Hayden) Rept. 1 (1873), p. 346, Figs. 56-57, Pl. 32. 
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Class MAMMALIA 
Order RODENTIA 
Family AMBLYCASTORIDAE (Primitive Beaver) 
Amblycastor n. sp. Hesse 


One of the most interesting specimens discovered in the course of the present 
investigation of this area is a skull of the rare beaver-like A mblycastor. The speci- 
men is far from complete. It was apparently encased in one of the black concre- 
tions high in the section at locality 175-T-1. The concretion, when it broke up, 
carried away most of the surface bone of the skull. 

The genus Amblycastor was described by W. D. Matthew,* 20 years ago, al- 
though material later referred to this genus had been discovered as early as 1902. 
These early finds generally were referred to the genus Hystricops, but in most 
cases the authors recognized that such references were questionable. With the 
discovery of a right lower jaw in the lower Snake Creek beds in 1916, it was evi- 
dent that a new genus of rodent was represented. 

Since that time few additional finds have been made. Stirton“ described ad- 
ditional material of this form from the Platybelodon beds of Mongolia (Miocene), 
and more recently the same author® has summarized the genus as far as known. 
In North America, A. fluminis is known from the lower Snake Creek beds (upper 
Miocene) of Nebraska and by two teeth from the Pawnee Creek beds of Colorado 
(Miocene). In Dumble’s“ earlier papers on East Texas, he recorded the genus 
Hystricops from this area. The determinations were those of W. D. Matthew. 
Stirton‘’ refers these finds to Amblycastor, a conclusion with which the present 
authors agree. Dumble’s specimen, a tooth, was from Cold Spring, San Jacinto 
County, Texas. 

In the last few years additional A mblycastor material has been collected from 
Cold Spring, near Point Blank in the same county, and Burkeville. Beside teeth, 
two limb fragments and the skull have now been found, indicating that this ani- 
mal was not unusual in the Miocene of East Texas. 


RopDENTIA indet. 


Fragments of small limb bones suggest that other small animals were present 
here, but none of the material can be identified. 


43 W. D. Matthew, “Contributions to the Snake Creek Fauna; with Notes on the Pleistocene of 
Western Nebraska,” Amer. Mus. Nat. Hist. Bull. 38 (1918), p. 197, Figs. 7-8. 

“ R.A. Stirton, “A New Species of Amblycastor from the Platybelodon Beds, Tung Gur Formation, 
of Mongolia,” Amer. Mus. Novit.6094 (1934), pp. 1-4, 6 figs. 

a , “A Review of the Tertiary Beavers,” Univ.California Pub., Bull. Dept. Geol. Sci., Vol. 
23 (1936), Pp. 411-13. 

46 E. T. Dumble, “Problem of the Texas Tertiary Sands,” Bull. Geol. Soc. America, Vol. 26 (1915), 
Pp. 471. 


, “The Geology of East Texas,” Univ. Texas Bull. 1869 (1918) [1920], p. 232. 


_{7R. A. Stirton, “A Review of the Tertiary Beavers,” Univ. California Pub., Bull. Dept. Geol. 
Sci., Vol. 23 (1936), p. 413. 


4 

| 

= 

j 

i 
4 
j 
i if 


1004 H. B. STENZEL, F. E. TURNER AND C. J. HESSE 


Order PERISSODACTYLA 
Family RHINOCEROTIDAE (Rhinoceros) 
A phelops sp. 


In Dumble,** W. D. Matthew reports “Tibia of a young rhinoceros with the 
proportions of Teleoceras.” 

In the upper part of the exposures at locality 175-T-1, the proximal end of 
a rhinoceros tibia was found. This bone is small and does not bear the usual char- 
acters that suggest a young animal. It is, apparently, fully adult but certainly 
is a small form. In three other localities to the west, just such a small rhinoceros 
has been found. It is a new form and, while small, it is not primitive such as 
Diceratherium is. It is to be referred to A phelops and is the smallest species of 
that genus. The Burkeville tibia is probably of this animal, although no definite 
association of limb material and teeth has yet been established. 

In addition to the above, a few fragments of large teeth resemble fragments 
of rhinoceros teeth. 

Family (Horses) 


Merychippus sp. 


Three lower dental series, several upper and lower teeth, and fragments of 
limb bones make the genus Merychippus the most common recognizable form in 
the Burkeville collection. It is found in all three localities, but locality 175-T-1 
thus far has produced the best material. There seem to be two species represented 
here as at many of the other Gulf Coast localities—a larger, somewhat rare form 
and a common small form. It may be well to point out here that working with 
teeth alone leads to difficulties. Seldom do all the specimens present the same 
characters, and commonly their fragmentary nature is misleading in the picture 
given. Still another difficulty lies in the type specimens with which comparison 
must be made. Many of these are entirely inadequate; others have become mis- 
leading through the addition of topotypes, and one wonders if at least half the 
described species are reliable. 

The smaller Burkeville horse is exceptional in that its characters suggest ad- 
vancement. It is definitely not referable to the genus Parahippus nor to the more 
primitive species of the genus Merychippus, such as M. gunteri or M. westoni. 
On the other hand, the Burkeville specimens are by no means advanced forms, 
such as M. republicanus or those species characteristic of the Barstow fauna. 
The relationships of the Texas specimens lie with the middle group of species of 
the genus Merychippus; it is difficult to say to which of the many forms it is clos- 
_ est. It resembles the Mascall species, M. seversus, most closely, that is, the original 
type as refigured by Osborn,*® and to a lesser extent M. relictus and M. isonesus. 
It is slightly less advanced than M. californicus as well as being distinctly smaller. 


48 E. T. Dumble, ““The Geology of East Texas,” Univ. Texas Bull. 1869 (1918) [1920], p. 225. 


49 H. F. Osborn, “Equidae of the Oligocene, Miocene, and Pliocene of North America, Icono- 
graphic Type Revision,” Mem. Amer. Mus. Nat. Hist., N.S., Vol. 2 (1918), p. 101. 
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The same is true of the Pawnee Creek species; they are larger, although probably 
no more advanced. The Burkeville Merychippus is, then, most closely related to 
small representatives of that genus which occur in the upper Miocene faunas of 
North America. 
Order ARTIODACTYLA 
Family CAMELIDAE (Camel) 


There are many fragments scattered through the section as exposed at Burke- 
ville, indicating the presence of camelids. So far as can be determined from the 
fragmentary nature of the material, only one form was present. Pieces of meta- 
podial with one side flattened show that this bone had not yet fused into a single 
shaft, a character that in years gone by was given much weight. It was believed 
to be characteristic of the lower and middle Miocene forms as Protolobis, but 
recent studies indicate that this character is not entirely trustworthy. The Burke- 
ville camel was of moderate size, eliminating such a genus as Alticamelus. From 
one of the black nodules at 175-T-1 a skull was collected; unfortunately, only the 
outline of the specimen may be made out. It bears out the moderate size, sug- 
gested by the limb fragments. Several complete teeth, both upper and lower, show 
that the animal was fairly high-crowned for a camel. It is not possible to place 
such material into a genus or to conclude much from it. It is not one of the more 
primitive genera such as Stenomylus or Oxydactylus ; this is shown by the height of 
crown of the few teeth preserved. Its lack of size and the unfused metapodials 
seem to eliminate it from the larger, more advanced Pliocene genera. 


Family HyPERTRAGULIDAE (Primitive Deer-like Animal) 
Blastomeryx ? 

A toe bone and an incomplete lower molar tooth, as well as many small limb 
fragments are of the size and proportion of the above genus. These may not be 
definitely identified, but this genus does occur in other Gulf Coast faunas and its 
presence at Burkeville would be expected. 


Family PRoTocERATIDAE (Primitive Horned Ruminant) 
? Prosynthetoceras ? 

A fragment of a horn core, a lower M3, and incomplete limb elements are prob- 
ably referable to the above genus. This animal was not uncommon in the Gulf 
Coast faunas, although good material is rare. Teeth and fragments of horn cores 
are second only to the bone material in certain localities. 


Family DEesMosTYLiDaE (Primitive Sea Cow) 
? Desmostylus ? 
Early in the present investigation of the Burkeville area certain thick 


enameled tooth fragments were found. These were regarded as proboscidean, 
although it was evident that there was something peculiar about the fragments. 
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Further collecting failed to disclose any definite proboscidean material, and the 
conviction grew that the fragments were not of that order. The thickness and 
markings of the enamel, as well as the shape and curvature of the fragments, 
made it impossible to visualize them as cones of a proboscidean tooth. These frag- 
ments had been picked up at localities 175-T-1 and 175-T-3. On one of the last 
trips to the area, in the middle of the oyster bed at 175-T-3, about a dozen of 
these fragments were collected. Fortunately, these could readily be pieced to- 
gether, and it was at once evident that it was an incomplete cone of the tooth of 
Desmostylus. The association was exactly that of the best California localities, 
and the incomplete cone discovered was sufficient to remove all doubt as to what 
the animal was. Six fragments beside the cone are now in the collection. After 
this discovery another trip was made to the locality and 11 cement sacks full of 
the oyster bed were brought back. This was washed down and about 150 pounds 
of concentrates obtained. Thus far no more of the animal has been found, but the 
task of picking over the coarse material is not yet complete. 

The discovery of a member of this family on the Gulf Coast was unexpected 
but can not be regarded as exceptional. The Sirenia in recent time inhabit both 
coasts, although a different genus occupies each area. In the last few years the 
recent sea-cow genus Manatus has been recorded on the Texas coast. Thus one 
may expect to find fossil representatives of this group in any of the Tertiary rocks 
that are marine or brackish in character. Burkeville, with its brackish-water in- 
vertebrate fauna, the oyster bed et cetera, is ideal for the occurrence of this genus. 

The Burkeville vertebrates, those land forms such as Merychippus, Ambly- 
castor, or Prosynthetoceras, are the same as those found at two dozen other locali- 
ties in the Fleming formation east of Colorado River. Outside this suite of faunas 
these land forms are not all found together. Amblycastor has been collected in the 
Pawnee Creek beds (Miocene) of Colorado, in the lower Snake Creek beds (upper 
Miocene) of Nebraska, in the Sheep Creek beds (Miocene) of Colorado, and in 
the Tung Gur (Miocene) of Mongolia. Prosynthetoceras has never been recorded 
outside the Gulf Coast of Texas. The Merychippus is believed to be most closely 
related to those in the Mascall formation and less closely related to other Great 
Basin, Pawnee Creek, and Snake Creek forms. The more primitive Florida fauna 
recently described by White®® foreshadows in many ways most of the faunas of 
the Texas Gulf Coast. The merychippines described by him are much less ad- 
vanced than are those of Burkeville. The marine vertebrates, the rays, teleost, 
Desmostylus, et cetera are also most closely allied to other Miocene forms. These 
animals, with the exception of A meiurus, have not been found at other Gulf Coast 
localities. The two rays are similar to forms from the East Coast Miocene, but 
these are very unsatisfactory for correlation purposes. The last genus of all, 
Desmostylus, is one of the best of all for correlation purposes. Of course, it is well 
to remember that the Gulf Coast specimens may not be of the genus Desmostylus 
but may be of a totally unknown form. On the evidence now at hand, the present 


50 T. E. White, “The Lower Miocene Mammal Fauna of Florida,” Bull. Mus. Com. Zool., Vol. 
02 (1942), pp. 1-49, 10 figs., Pls. 1-74. 
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authors can do no more than refer the Burkeville material to the California 
forms, leaving future finds to settle the point of its generic reference. Dr. 
Vanderhoof,® in summarizing his discussion of the genus Desmostylus, makes the 
following salient points. First, the genus is limited in time to the upper middle 
Miocene (Temblor formation of California) and lower upper Miocene (Briones 
formation of California). He further states that he regards the genus to be 
monospecific, having wide geographic distribution, and to be easily identified 
“when represented by the smallest tooth fragment.” Thus, it is an excellent guide 
fossil. 

In summary, the Burkeville vertebrates appear to be related in part to the 
marine forms on the east and west coasts. Also, they are related to certain western 
continental faunas which are considered as upper Miocene. This evidence points 
to an upper Miocene or Barstovian age for the Burkeville material. It is less ad- 
vanced than the typical Barstow fauna but would probably fall somewhere early 
in that age group. 

STRATIGRAPHIC RELATIONSHIP 

On the latest geologic map of Texas published by the U. S. Geological Survey 
in 1937 the outcrops around Burkeville are represented as belonging to the 
Lagarto formation. The same interpretation and nomenclature is used by F. B. 
Plummer® in his compilation of the Cenozoic systems of Texas. This is a de- 
parture from previously established usage. Previously the outcrops near Burke- 
ville had been going under the name of Fleming formation. In the light of the 
new age determination presented here as well as on account of other considera- 
tions, the application of the term Lagarto formation to the clay beds near Burke- 
ville has to be reéxamined. 

The Lagarto clay was named and proposed as a formation by E. T. Dumble® 
in 1894. According to the original description it consists chiefly of “light colored 
clays—lilac, lavender, sea-green, greenish brown and mottlings of these colors.” 
In his original description of the Lagarto clay Dumble gave no type locality. 
Subsequently it has been generally assumed that the type locality is in _— 
Creek near the settlement of Lagarto, Live Oak County, Texas. 

Like many of the early established stratigraphic names the Lagarto has ob- 
tained wide currency among geologists working in South Texas and in the pub- 
lished geologic literature. Considerable effort to elucidate the age and ‘strati- 
graphic sequence of the Lagarto formation has been expended by geologists™ 


51 V. L. Vanderhoof, ‘‘A Study of the Miocene Sirenian Desmostylus,” Univ. California Pub., 
Bull. Dept. Geol. Sci., Vol. 24 (1937), Pp. 195+ 

52 F, B. Plummer, “Cenozoic Systems in Texas,” Univ. Texas Bull. 3232 (1932) [1933], PP. 740-49- 

53 E. T. Dumble, “The Cenozoic Deposits of Texas,” Jour. Geol., Vol. 2 (1894), p- 560. 


A.W. Weeks, “Lissie, Reynosa, and Upland Terrace Deposits of Texas between Brazos River 
and Rio Grande,” Bull. Amer. Assoc. Petrol. Geol., Vol. 17 (1933), PP- 453-87. 

H. T. Richardson and L. D. Cartwright, Jr. ., “Log of Field Trip Casa Blanca to George West, 
Texas,”’ San Antonio Geological Society (October 29, 1933). 

A.W. Weeks, ‘Miocene, Pliocene, and Pleistocene Formations in Rio Grande Region, Starr and 
Hidalgo Counties, Texas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 21 (1937), PP- 491—-99- 

Anonymous, “Bee-Live Oak County Field Trip,” South Texas Geological Society (July 24, 1937). 
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working in that area. The stratigraphic sequence much simplified is as follows. 


Clay ul in Lagarto Creek near Lagarto) 
Sand (Lapara sand) 
Clays(generally called Lagarto) 
Sands(Oakville sand) 
Bottom 

As may be seen from this abbreviated presentation, Lagarto Creek near the 
settlement of Lagarto, the place generally assumed to be Dumble’s type locality 
of the Lagarto, does not lie in the beds which are now called Lagarto clays. Asa 
consequence grave complications in the use of this formation name have ap- 
peared. Attempts have been made to eradicate these complications. These at- 
tempts and the complications which made them necessary are of no consequence 
to the present discussion. The reader is referred to the pertinent literature listed 
here for a complete treatment of the present status of the Lagarto nomenclatorial 
tangle. In the present article Lagarto formation is understood to be the second 
layer from the bottom indicated in the foregoing section. 

The clay beds near Burkeville and similar vertebrate-bearing clays throughout 
southeastern Texas compose a traceable lithologic unit and have gone under the 
name of Fleming formation for many years. This formational name was intro- 
duced as early as 1892 by W. Kennedy.® Kennedy described his Fleming beds 
as consisting of 


blue limy clays and gray sands containing fossil palm wood. (P. 45.) The clays are dark 
blue, pale blue, brown, red, yellow, and pale green in color. They occur thinly laminated, 
or partially stratified, and massive, and have a strong tendency to joint or break into 
cuboidal blocks with a conchoidal fracture. The most important bed of clay in this group 
is a blue clay, partially stratified, but showing a tendency to break up into blocks, and 
containing numerous concretions of carbonate of lime. This clay is perfectly smooth in 
texture and graduates into the underlying bed of red clay without any break except that 
of color, and the absence of the limy concretions, which apparently do not occur in the red 
clay. At least where the beds were examined none were found. The red clay is in every 
other respect similar to the blue. 

Pale green, pale blue and brown clays are found overlying the blue limy clays at the 
different exposures, but occur most abundantly to the north of Summit station. These 
colors are not so persistent as the blue, and are probably due to some local cause. (P. 62.) 


It must be pointed out that some of the colors mentioned by Kennedy are 
due to present-day weathering and are not the colors of the original, fresh sedi- 
ment. Nevertheless, Kennedy’s original description is clear, correct, and concise. 
As a consequence there never was any doubt about the nature, chief composition, 
and relative stratigraphic position of the Fleming formation in the East Texas 
section. Geologists working in East Texas subsequent to Kennedy were able to 
recognize his Fleming formation and used the term in their publications essen- 
tially in the same sense as did Kennedy. Among these geologists were Alexander 


55 W. Kennedy, “A Section from Terrell, Kaufman County, to Sabine Pass on the Gulf of Mexico,” 
Geol. Survey Texas 3d Ann. Rept. (1892), pp. 45, 62, 
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Deussen,® G. C. Matson,*’ E. T. Dumble,®® C. L. Baker, and others. In each 
case the name Fleming was accepted and used as a formation name such as 
Fleming beds, clay, clays, or formation. 

The type locality of the Fleming formation was given clearly in Kennedy’s 
original publication. It was a little west of the station Fleming where the Trinity 
and Sabine Railroad passed over a high hill in Tyler County, Texas. The railroad 
and the station have disappeared by now, but the locality can be found and the 
following is a description of its location. 


Abandoned and overgrown railroad cut west of the site of the abandoned Fleming’s 
saw mill. This mill is also known locally as “Old Hampton.” The mill engine foundations, 
pond, et cetera may be discerned easily and are 0.5 mile east of the Polk-Tyler County 
boundary and 500 feet north of U. S. Highway 287 (Corrigan-Chester road); 12.2 miles 
east of Corrigan or 2.0 miles west of Chester; Tyler County, Texas. 


The question before us now is: is the name Lagarto formation or Fleming for- 
mation applicable to the clay beds near Burkeville? The present writers believe 
that Fleming formation is applicable and that Lagarto is not for the following 
reasons. 

The bulk composition of the clay beds near Burkeville is markedly different 
from that of the Lagarto clays of South Texas. The exposures near Burkeville are 
predominantly plastic, greenish gray, silty and richly calcareous clays. In these 
clays all the iron is in form of ferrous compounds which contribute to the greenish 
gray color of the sediments. On the other hand, the Lagarto clays are much less 
calcareous and characterized by their various colors such as lilac, pink, et cetera. 
Some of these colors are due to finely disseminated ferric iron compounds such 
as limonite and hematite. These striking colors are not due merely to surficial 
weathering active to-day but are an integral part of the original sediments. This 
difference in color and lime content between the Lagarto clays and those from 
near Burkeville is due to a difference in the original depositional environment of 
the clays. Possibly the clays were deposited under different climatic conditions. 
At any rate the difference is of sufficient magnitude to allow us to use different 
formation names for the clays even if they were deposited during exactly the 
same time interval. 

Thanks to the intensive search of the outcrops the fossil content of the clays 
near Burkeville is now comparatively well established and with it the age of the 
sediments. On the other hand, no such intensive search for vertebrate fossils has 
been made so far in the outcrop region of the Lagarto clays in South Texas. There- 


56 Alexander Deussen, ‘Geology and Underground Waters of the Southeastern Part of the Texas 
Coastal Plain,” U.S. Geol. Survey Water-Supply Paper 335 (1914). 

57 G. C. Matson im Alexander Deussen, of. cit., pp. 72-73- 

58 F, _ Dumble, “Problem of the Texas Tertiary Sands,” Bull. Geol. Soc. America, Vol. 26 (1915), 
PP- 447-70. 

59 C. J. Hesse, “A Preliminary Report on the Miocene Vertebrate Faunas of Southeast Texas,” 
Proc. Trans. Texas Acad, Sci., Vol. 26 (1943), Pp. 159- 
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fore, the age of the Lagarto clays is not so well established. The age has been 
established merely by inference. The Lagarto is younger than the underlying 
Oakville sand, which has yielded some vertebrate fossils, and older than the over- 
lying Lapara sand and associated formations, which have also yielded vertebrate 
fossils. This age determination of the Lagarto clay is obviously not very close and 
allows considerable latitude in placing the formation within the Miocene and Pli- 
ocene scale. In other words, the Lagarto clays and the Burkeville outcrops may be 
contemporaneous, but it is far from proved that they are contemporaneous, and 
it is not impossible that they are somewhat different in age. As long as the latter 
possibility is not eliminated, it would seem to be unsafe stratigraphic procedure 
to extend the term Lagarto clays so far as to include the East Texas deposits. It 
is inadvisable from the point of view of stratigraphic procedure to hide a better 
established fauna, such as the Burkeville fauna, under a less well defined and 
poorly placeable formation name, such as the Lagarto formation. 

The relocation of the Fleming type locality is possible because Kennedy’s 
original description of it was clear. Both, the description of the formation and 
of the type locality, are of comparable clarity and have stood the most severe 
test of time. In comparison, the Lagarto formation was introduced by E. T. 
Dumble without any type locality being given and subsequently considerable 
difficulties have arisen concerning the Lagarto type locality. Again it is poor 
stratigraphic procedure to replace a well defined formation, which has a definite 
type locality, with another formation whose type locality was not given originally 
and whose present type locality presents such well known difficulties. 

Also, one may ask why priority should not be considered. The name Fleming 
dates from 1892, Lagarto dates from 1894. Priority of Fleming is definite. 

It is perhaps fortunate that Louisiana geologists and the Louisiana Geological 
Survey have persisted in using Fleming ever since the term was introduced. The 
newest geological publications of the Louisiana Survey use Fleming formation 
for beds in Lowisiana corresponding with those exposed near Burkeville. For in- 
stance, Vernon Parish, that part of Louisiana which lies immediately east of and 
adjoining Newton County, Texas, is treated by R. N. Welch.® In this recent re- 
port the beds corresponding with the oyster-bearing clays near Burkeville are - 
considered part of the Fleming formation. 

The nomenclatorial difficulties of the Lagarto and Fleming have in past 
arisen from the procedure proposed in 1933." At that time it was thought advisa- 
ble to elevate the Fleming from formation to group rank. The Fleming group was 
proposed to include the Lagarto formation on top and the Oakville formation at 
the base. 

Aside from the lack of any apparent usefulness of a group name embracing 
these two formations, it is not sound practice to expand a well established forma- 
tion name into a group term. Stratigraphers familiar with the Gulf Coast Tertiary 

60 R. N. Welch, “‘Geology of Vernon Parish,” Louisiana Geol. Survey Bull. 22 (1942). 
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are well aware of this on account of the example of the Claiborne sand. Originally, 
the Claiborne sand was a well known formation exposed in the river bluffs near 
Claiborne, Alabama, famous for its rich fauna. As soon as the term Claiborne 
was elevated by E. W. Hilgard from formational rank to group rank, a new name 
had to be found for the original Claiborne sand. The latter goes today under the 
name of Gosport sand from Gosport landing in Alabama. Under the circum- 
stances, this second choice of a name was unavoidable, but the outcrop at Gosport 
landing is not comparable in accessibility or representativeness with Claiborne 
Bluff, and nearly all the fossils of the Gosport sand were originally described 
from Claiborne landing. According to some geologists, the original Claiborne sand 
supposedly does not belong to the Claiborne group but to the Jackson group. One 
can readily see what confusion sprang from expanding the original Claiborne sand 
formation into a group. In this case, it is too late to offer a correction or to suggest 
a return to the original usage. However, in the case of the Fleming formation, it 
is not too late to return to original and stable usage. Therefore, it is proposed to 
retain Fleming as a formation name in the same sense in which it had been used 
from its inception in 1892 to 1932. 
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PALEOECOLOGY AND ENVIRONMENTS INFERRED FOR SOME 
MARGINAL MIDDLE PERMIAN MARINE STRATA! 


R. L. CLIFTON? 
Enid, Oklahoma 


ABSTRACT 


The environment prevalent in modern marine seas limits the distribution of biologic assemblages 
in those seas. Since conditions of the environment can only be inferred for seas that no longer exist, it 
is obvious that comparisons with the seas of to-day are important in developing criteria by which to 
reconstruct conditions of environment for ancient seas. 

Blaine and Dog Creek deposits include strata from which the remains of both plants and animals 
have been recognized. These biologic assemblages have been studied for evidence of the environment 
prevalent in Blaine and Dog Creek seas. It is observed that the thallophyte floras and invertebrate 
faunas were characteristic assemblages of those ancient seas. Accordingly, their fossil evidences are 
important in reconstructing ecological history for Blaine and Dog Creek seas and deposits. 


INTRODUCTION 


Physical character and organic content of strata are evidence from which the 
geology and paleontology for middle Permian and other ancient seas and deposits 
can be described; environmental history for such seas is not thus so easily read, 
for this requires an understanding of all the relationships that an organism or a 
group of organisms establishes with its surroundings. 

The environment of ancient seas may be reconstructed, partly from evidence 
still existing in the deposits and partly by comparisons with environments that 
prevail in the seas of to-day. 

Some marine or closely related deposits of Permian age, the Blaine and Dog 
Creek formations, appear in Kansas, Oklahoma, and -Texas. These formations are 
composed of a sequence of thin limestones, magnesium-calcium carbonates, and 
many massive gypsums and anhydrites interbedded with red shales and other 
fine clastics. 

The formations include strata that contain floras of unicellular plants and 
invertebrate faunas. Plant evidences appear in some marginal carbonate strata. 
The invertebrate remains appear in many widely distributed marginal carbon- 
ates and locally in some gypsiferous strata. In many places the invertebrates are 
sporadic occurrences of a few individuals of perhaps a single species, but at other 
localities, they occur as rich associations of several species. 

The writer has prepared the present paper from criteria that have evolved 
from his studies of these marginal deposits. The investigations have continued 
irregularly since 1923. Evidence thus assembled suggests a number of factors by 
which it is possible to reconstruct conditions of environment for Blaine and Dog 
Creek seas. 
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GEOLOGY AND LITHOLOGIC RELATIONS 


In the endeavor to reconstruct conditions of environment for Blaine and Dog 
Creek seas existing deposits must be considered first. It is therefore desirable to 
review the geology of the formations. 


TABLE I 
GEOLOGIC SECTION, BLAINE AND Doc CREEK ForMATIONS, KANSAS, OKLAHOMA, AND TEXAS 


Formation Member 


Whitehorse sandstones 
Dog Creek’ Childress® (present in Texas). Unnamed shales 
Aspermont.!! Perrinites zone. Shales 
Guthrie.!° Perrinites zone. Shales 


Blaine® Shimer.® Shales 

Acme.’ Perrinites zone. Shales 

Cedartop? (not present in Kansas). Shales 
Medicine Lodge? 


Flower-Pot 


The Blaine and Dog Creek formations consist of interstratified carbonates, 
sulphates, and fine clastics. Individual beds are exceptionally extensive and the 
section is remarkable for vertical lithological contrasts. 

The formations have been recognized as forming the uppermost part of the 
Leonard series” in Kansas, Oklahoma, and Texas. They have been included with 
underlying beds in variously defined groups, for example, San Andres, Blaine of 
Texas, Blaine, El Reno, and Pease River. This multiplicity of group terms is con- 
fusing but the group relationships are not pertinent to the present discussion. 


3.4.5 F, W. Cragin, “The Permian System in Kansas,” Colorado College Studies, Vol. 6 (Colorado 
Springs, March, 1896), pp. 24-40. 

8,7 C. N. Gould, “General Geology of Oklahoma,” Terr. Oklahoma Dept. Geol. and Nat. Hist. 2d. 
Bien. Rept. (1902), pp. 42-57. 

8.9 A, M. Lloyd and W. C. Thompson, “Correlations of Permian Outcrops on East Side of West 
Texas Permian Basin,” Bull. Amer. Assoc. Petrol. Geol., Vol. 13 (August, 1929), PP. 945-52. 


10M. G. Cheney, “Stratigraphic and Structural Studies in North Central Texas,” Univ. Texas 
Bull. 2913 (1929), p. 26, Pl. 1. 

11 W. E. Wrather, “(Notes on the Texas Permian,” Bull. Southwestern Assoc. Petrol. Geol., Vol. 1 
(1917), PP. 93-106. 

12 J. E. Adams et al., “Standard Permian Section of North America,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 23 (November, 1939), pp. 1673-81. 
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Their outcrops extending from Barber County in Kansas, through Oklahoma, 
into Texas as far south as the Concho River drainage, describe an irregular nearly 
continuous trace that approximates an eastern limit for a series of Permian basins, 
whose axes lie in West Texas (Fig. 1). 

The limestones and magnesium-calcium carbonates, that occur in Blaine and 
Dog Creek strata, exhibit various relationships with massive gypsums and an- 
hydrites. It is possible to recognize three general types of association of carbon- 
ates with sulphates. 

A common type is one where a stratum of limestone appears at the base of 
most gypsums or anhydrites. This type obviously suggests that calcium carbon- 
ate deposition initiates the sedimentary succession for most Blaine and Dog 
Creek massive precipitates. 

A second type is limestone intercalated within massive beds of gypsum or 
anhydrite. Limestone thus associated with gypsum or anhydrite, is commonly 
continuous with the sulphate matrix, over wide areas. 

A third type is the lenticular occurrence of limestone within thick calcium 
sulphate deposits. Such limestones commonly appear to be platy, bouldery-like, 
or even concretionary. Their field examples can best be seen on eroded terranes, 
from which the more soluble calcium sulphates have been removed, chiefly by 
leaching. 

The marginal deposits generally exhibit a sedimentary sequence in which a 
thin carbonate stratum is overlain by calcium sulphate beds which in turn are 
overlain by intensely colored maroon shales. This cyclical sequence is repeated 
in the sedimentary succession and thus serves to differentiate the massive precip- 
itate members of the formations. McKee" has described cyclical sedimentary 
sequences in Permian deposits in Arizona and Roth" has described similar deposi- 
tional features in the Permian in Texas. Woolnough” has also discussed the 
effect of environment for restricted basins. 


18 Edwin D. McKee, “The Environment and History of the Toroweap and Kaibab Formations of 
Northern Arizona and Southern Utah,” Carnegie Inst. Washington Pub. 492 (1938), pp. 129-32. 

14 Robert I. Roth, “West Texas Barred Basins,” Bull. Geol. Soc. America, Vol. 53 (November, 
1942), pp. 1665-67. : 

18 W. G. Woolnough, “Sedimentation in Barred Basins, and Source Rocks of Oil,”” Bull. Amer. 
Assoc. Petrol. Geol., Vol. 21 (September, 1937), pp. 1101-57. 


Fic. 1.—Areal map. Blaine and Dog Creek marginal outcrops. 
Index of localities for geologic sections 1-10 inclusive (cross section AA shown on map). 


1. Sec. 29, T. 34 S., R. 16 W., Comanche County, Kansas. 

2. Secs. 19, 30, and 31, T. 27 N., R. 20 W., Harper County, Oklahoma. 

3. Sec. 33, T. 15 N., R. 9 W., Kingfisher County, Oklahoma. 

4. Secs. 19 and 30, T. 16 N., R. 10 W., Blaine County, Oklahoma. 

5. Secs. 19, 20, and 30, T. 17 N., R. rr W., Blaine County, Oklahoma. 
* 6. Composite section measured along Groesbeck Creek, north of Quanah, Hardeman County, 

‘exas. 

7. Sec. 421 and adjacent area, in Block H, W & NW RR Co., northeast of Kirkland, Childress 
County, Texas. 

8. Sec. 137, Block D, H & T C RR Co., north of Aspermont, Stonewall County, Texas. 

g. Sec. 139, Block F, H & T C RR Co., Croton Falls locality, Stonewall County, Texas. 

10. Secs. 141 and 159, Block F, H & T C RR Co., west of Croton Falls, Stonewall County, Texas. 
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Blaine and Dog Creek deposits contain sedimentary elements whose character 
was controlled by source of sediment and by environment. Thus the interbedded 
carbonates, sulphates, and intensely colored maroon shales were deposited under 
the control of an environment, where the chief factors were positive and negative 
oscillations of the normal marine sea in partly inclosed basins, whose floors sank 
sufficiently to compensate for a more or less continuous deposition, and where 
the rate of evaporation, compared with precipitation, was always high. 

Beginning with Blaine time and prior to middle Dog Creek time, the partly 
inclosed basins always contained waters in some areas that were in free communi- 
cation with the Permian marine sea. These waters constituted the normal marine 
sea. Within the marginal embayments, where the circulation was restricted. the 
basins contained waters whose salinity was greatly increased above that of 
normal sea water. These waters constituted the saline sea. Along the shore line 
of the partly inclosed embayments, the basins contained other waters that were 
diluted by fresh-water drainage from the land, and whose salinity was lower than 
that of normal sea water. These waters constituted the brackish sea. 

Incursions of the normal marine sea into the partly inclosed depositional 
basins are reflected by recurring organic carbonates in both formations. These 
carbonates, many of which contain marine invertebrate fossils, represent ad- 
vances of the normal marine sea within the partly inclosed basins. The calcium 
sulphate deposits were precipitated from sea water that had acquired a salinity 
greatly above that of normal sea water and they represent periods of retreat of 
the saline seas, when the seas became increasingly saline. The intensely colored 
maroon shales are land-derived sediments deposited in the partly inclosed basins 
of oscillatory seas. 

It is postulated that the salinity in those ancient seas was gradational from a 
normal marine stage, through a saline stage, to a brackish-water stage (Fig. 6). 
The salinity relationships are reflected, by both character and organic content of 
the deposits. Chemical and physical conditions in a Permian epi-continental sea 
and the resulting character of deposits have been described by Lang."® 

The indraft of normal marine waters into the relatively shallow and partly 
inclosed basins whose waters had been highly saline and had perhaps precipitated 
much of their salts, was a favorable and controlling factor of the organic environ- 
ment. Physical and chemical changes, though facile, were not always extreme. 
Only periodically was the environment unpropitious for marine organisms in- 
digenous to those seas, since evidences of unicellular plants, the remains of nauti- 
loids, ammonoids, and the fossils of other organisms are contained in the strata. 
Assumably the cephalopods were intolerant of brackish-water conditions al- 
though tolerant of slight increases in the degree of salinity. Scott” suggests that 


16 Walter B. Lang, “The Permian Formations of the Pecos Valley of New Mexico.” Bull. Amer. 
Assoc. Petrol. Geol., Vol. 21 (July, 1937), pp. 880-92. 

17 Gayle Scott, ‘‘Paleoecological Factors Controlling Distribution and Mode of Life of Cretaceous 
Ammonoids in Texas Area,” Bull. Amer. Assoc. Petrol. Geol., Vol. 24 (July, 1940), p. 1178. 
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Cretaceous cephalopods were likewise responsive to salinity, as a factor of habitat 
in Cretaceous seas. 

The average salinity of the present ocean is about 3.5 per cent, or 35°/oo of 
sea water. The writer considers that the normal salinity or salt concentration for 
a Permian sea was not greatly different from that fpr present marine seas. 


CARBONATE STRATA 


Limestones associated with massive gypsums and anhydrites are marine de- 
posits. The carbonates in many places contain organic remains and some are 
ripple-marked. Ecological factors suggest that they were deposited in relatively 
shallow, partly inclosed basins, where the salinity was controlled chiefly by oscil- 
lations of the marine sea and by climate. 

Blaine and Dog Creek carbonates suggest their organic derivation since many 
of them contain the remains of both plants and animals. However, the origin of 
their high magnesium content is not known. There is the suggestion that both 
plants and animals, either as living organisms or after death, may have contrib- 
uted to increase the magnesium concentration normal to marine seas. Unicellu- 
lar plants, chiefly the lime-secreting algae, and perhaps other organisms may have 
been responsible for the deposition of some of the magnesium in the form of mag- 
nesium-calcium carbonate. It is well known that chlorophyl-bearing chloroplasts 
in plants contain magnesium in chemical composition, and the shells and hard 
parts of many invertebrates contain varying amounts of magnesium. Clarke and 
Wheeler'® have discussed the economy of magnesium, calcium, and other inor- 
ganic constituents in marine organisms. Clarke’? concluded that limestone formed 
by marine organisms must contain magnesia. It is conceivable that unicellular 
plants have contributed to the origin of Blaine and Dog Creek magnesium-cal- 
cium carbonates and therefore to the origin of much, if not all, of their magnesium 
carbonate. Johnson” suggests a similar origin for the magnesium carbonate in 
some carbonate deposits of New Mexico and West Texas. 

Blaine and Dog Creek magnesium-calcium carbonates have been studied by 
Suffel,24 who made analyses of these rocks. The Oklahoma Geological Survey” 
has also published analyses of these carbonates. The analyses show that the mag- 
nesium carbonate, though commonly high, is less than 45 per cent of the total 
constituents. 

Ripple-marked carbonate strata have been found in all marginal areas and 


18 F, W. Clarke and W. C. Wheeler, “The Inorganic Constituents of Marine Invertebrates,” 
U.S. Geol. Survey Prof. Paper 124 (1922). 

19 F, W. Clarke, “Data of Geochemistry,” U.S. Geol. Survey Bull. 770 (1924), pp. 571-73. 

20 J. Harlan Johnson, “Permian Lime-Secreting Algae from the Guadalupe Mountains, New 
Mexico,” Bull. Geol. Soc. America, Vol. 53 (February, 1942), p. 215. 

21G. G. Suffel, “Dolomites of Western Oklahoma,” Oklahoma Geol. Survey Bull. 49 (January, 
1930), pp. 7-18. 

22 J. O. Beach and S. G. English, “Dolomite and Limestone,” Oklahoma Geol. Survey Min. Rept. 6 
(April, 1940). 
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have been noted at some localities by Suffel** and by Roth.* They are important 
criteria for inferring an approximate bathymetric limit for the partly inclosed 
seas in which they were formed. 

Ripple marks are of two general types, symmetrical and asymmetrical. Evans, 
who has recently studied the origin and meaning of ripple marks, states* that 
wave-formed ripple marks should be placed in two classes: symmetrical oscilla- 
tion ripples, which do not travel, formed by waves of oscillation which act on the 
bottom but are not distorted; and asymmetrical oscillation ripples, which ordi- 
narily do not travel, and which are formed by distorted oscillation waves. Asym- 
metrical ripple marks are also formed by currents.” 

Blaine and Dog Creek ripple marks have resulted from wave-formed oscilla- 
tion ripples in the relatively shallow seas. Some asymmetrical ripples must have 
resulted from wave-formed oscillations by storms, while others may have been 
formed near the shoreline by currents. In all cases the ripple marks exhibit low 
amplitudes, and individual wave lengths varying from one inch to 9 inches. They 
have two general orientations: northeast and southwest and approximately 
northwest and southeast. The directional trends are comparable with trends of 
some ripple marks described by Patton.?? 

An example of possible orientation by waves is suggested by phargmacones of 
the nautiloid Pseudorthoceras. Great numbers of these phragmacones, whose in- 
dividual lengths vary from less than an inch to 5 inches are fortuitous and should 
be responsive to action from any directional force. At the Croton Falls locality, 
where ripple-marked carbonates also occur, Pseudorthoceras splendens is abun- 
dantly present in a thin carbonate stratum, whose outcrop extends northwest and 
southeast. It was estimated that so per cent or more of the nautiloid phragmacones 
in this strztum are now oriented northeast and southwest, with the adoral end of 
the phragmacones northeastward. Other Pseudorthoceras phragmacones in the 
rich assemblage are otherwise variously oriented. 

A relative depth can be inferred for Blaine and Dog Creek seas. Occurrences 
of nautiloid remains and those of other benthonic invertebrates in ripple-marked 
carbonate strata suggest that the normal marine sea must have been only rela- 
tively shallow, since these fossils as living creatures were bathymetrically limited 
to depths greater than those in the very shallow seas. 


23 G. G. Suffel, op. cit. (1930), pp. 48, 63. 

24 Robert Roth, “The Custer Formation of Texas,” Bull. Amer. Assoc. Petrol.Geol., Vol. 21 (April, 
1937), P- 464. 

%* O. F. Evans, “Classification of Wave-Formed Ripple Marks,” Jour. Sed. Petrology, Vol. 11 
(April, 1941), pp. 37-41. 

26 W. H. Bucher, “Ripples and Related Sedimentary Surface Forms and Their Paleogeographic 
Interpretations,”’ Amer. Jour. Sci., Ser. 4, Vol. 47 (March, 1919), pp. 149-210. 


27 Leroy T. Patton, “Ripple Marks of the Merkle Dolomite of Western Texas and Their Paleo- 
geographic Interpretation,” Jour. Sed. Petrology, Vol. 3 (August, 1933), pp. 77-82. 
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Although size of ripple marks may tell little® as to depth of water in which 
ripple marks were formed, it is obvious that fossil ripple marks are none-the-less 
significant of depth environment. Ripple marks and the benthonic invertebrate 
fossils suggest that the normal marine Blaine or Dog Creek sea was a relatively 
shallow arm of the ocean, whose bathymetric limit perhaps varied from depths of 
4-6 fathoms in shallower waters to depths even greater than 100 fathoms in 
basinward waters (Fig. 6). . 

Some Blaine and Dog Creek carbonates exhibit a well defined odlitic or 
pseudo-pisolitic texture. Such odlitic strata are widely distributed in a few lime- 
stones and have been noted by Cheney” and Suffel.** The odlites vary greatly in 
size, shape, and in abundance. Variations in size, form, internal, and external 
structure suggest that some of the aggregates represent the remains of ancient 
thallophyte assemblages. It is believed that these algae contributed to the origin 
of the odlitic carbonates. Johnson* has mentioned a similar origin for Permian 
carbonates in West Texas and New Mexico. 


CALCIUM SULPHATE DEPOSITS 


Blaine and Dog Creek gypsums and anhydrites represent marine deposits 
whose physical environment of deposition was little different from that of the 
associated carbonate deposits. The calcium sulphates were precipitated from sea 
water that had acquired a salt concentration greatly above that of normal sea 
water. The deposition of calcium carbonate and calcium sulphate was often con- 
temporaneous. It is well known that these deposits intergrade along the strike of 
their outcrops. 

The massive gypsums and anhydrites were precipitated in restricted arms of 
the ocean, where the salinity of the partly inclosed seas was often very much 
greater than 40°/oo, a concentration mentioned by Vaughn as examples of some 
modern seas of high salinity. To Blaine and Dog Creek seas, a varying supply of 
water from the ocean was available. The floor of the basins sank sufficiently to 
compensate for the thickness of the sediments deposited more or less continu- 
ously. Differentials in the rate of evaporation and in the rate of supply of sea 
water to the partly inclosed arms accelerated or retarded the rate of deposition of 
calcium sulphate, either in the form of gypsum or of anhydrite. 

The vast gypsum deposits in the Blaine and Dog Creek formations are usually 


28 Q. F. Evans, “The Relation between Size of Wave-Formed Ripple Marks, Depth of Water, and 
Size of Generating Waves,” Jour. Sed. Petrology, Vol. 12 (April, 1942), pp. 31-35. 


29 M. G. Cheney, op. cit. (1929), p. 71. 
30 G. G. Suffel, of. cit. (1930), pp. 7-155. 
31 J. Harlan Johnson, op. cit. (February, 1942), pp. 195-217. 


% Thomas Wayland Vaughn, “Ecology of Modern Marine Organisms with Reference to Paleo- 
geography,” Bull. Geol. Soc. America, Vol. 51 (March, 1940), p. 446. 
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considered to be secondary, by hydration*® of anhydrite. Since physical evidences 
of volume change are negative in marginal gypsum outcrops, the writer concludes 
that much of the gypsum is primary. 

The theory that much of the gypsum is primary has a measure of support in 
the fact that some gypsiferous strata are locally fossiliferous. Gypsiferous de- 
posits containing gypsum casts and molds of pelecypods, cephalopods, and the 
remains of other organisms, have been observed at some places. There is little if 
any evidence to show that physical and chemical replacement of the carbonate 
by calcium sulphate has been important, for the gypsum casts and molds of in- 
dividual fossils exhibit well preserved markings. For example, the complex suture 
lines of the ammonoid, Perrinites, the shell markings of Schizodus, and the suture 
lines of nautiloids are excellently preserved. Though fossiliferous strata of gypsif- 
erous carbonates and calcareous gypsum occur not uncommonly in Blaine or in 
Dog Creek deposits, the gypsum casts and molds of the ammonoid Perrinites, 
with fossils of other invertebrates, have been noted only at the Croton Falls 
locality in Stonewall County, Texas. Fossiliferous gypsum strata and associated 
gypsum deposits are regarded by the writer as primary calcium sulphate deposits 
in the form of gypsum. The occurrence of organic remains in anhydrite has never 
been observed by the writer. 

Furthermore, the suggestion that much of the Blaine and Dog Creek gypsums 
are primary merits consideration in the light of some experimental data by 
Posnjak* in which he shows that the coexistence of gypsum and anhydrite in 
solutions of sea salts takes place only at a 4-phase equilibrium point, the two sol- 
ids-liquid-vapor. The stability relations or the transition point, gypsum-anhy- 


drite, is not governed by a dissociation pressure relationship. Posnjak thus shows . 


experimentally that gypsum does not dissociate directly to form anhydrite, as 
was deduced by van’t Hoff, in his studies of the Stassfurt salt deposits. Posnjak 
states that when the dissociation of gypsum in solutions of sea salts takes place, 
hemihydrate, though an unstable phase, is always formed first. For this reason, 
no 3-phase equilibrium curve, gypsum-anhydrite-vapor can exist under ordinary 
conditions, or intersect the transition point, gypsum-anhydrite. 

The problem of primary origin of anhydrite is an open one. No satisfactory 
hypothesis for primary origin of anhydrite that harmonizes fully with physical, 
chemical, and field evidences is known to the writer. Much of the anhydrite that 
occurs in the Permian of the southwest, may have been precipitated in the form 
of primary gypsum, which was subsequently converted into anhydrite, perhaps in 
some such manner as that cited by Baker.® 


33 J. Lawrence Muir, “Anhydrite-Gypsum Problem of the Blaine,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 18 (October, 1934), pp. 1224-1312. 

34. Posnjak, “Deposition of Calcium Sulphate from Sea Water,” Amer. Jour. Sci., Vol. 238 
(August, 1940), pp. 559-68. 

35 Charles Laurence Baker, ‘“‘Depositional History of the Red Beds and Saline Residues of the 
Texas Permian,” Univ. Texas Bull. 2901 (January, 1929), pp. 50-51. 
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PALEOGEOGRAPHY 


Three paleogeographic maps and ten measured geologic sections are presented 
to show extent of Blaine and Dog Creek normal marine seas. The paleogeographic 
maps purport to show the eastward limit of the normal marine sea for three peri- 
ods of oscillation. This limit has been determined very largely from distribution of 
marine invertebrates (Figs. 3, 4, 5). 

The geologic sections have been measured at important fossil localities and at 
typical outcrops. They show the lithology in relation to paleogeography and to 
the environment (Fig. 2). 

The history of Permian deposition is replete with the paleogeographic evi- 
dences of advances and retreats of the marine sea. These oscillations were the 
diminishing pulsations of earlier extensive Pennyslvanian orogenies.*.37.38 
Paleogeographic evidences which illustrate the diminishing pulsations have been 
studied by Hills.** 

The paleogeography for Blaine and Dog Creek seas is thus a record of minor 
advances and retreats. These oscillations, commonly of remote epeirogenic origin, 
only slightly modified the depths of the relatively shallow seas, although advances 
or retreats over vast areas of low-lying lands that bordered the seas on the east 
may have greatly modified their extent and, accordingly, the character of the 
sediments. 

Roth states that during Leonard time the Permian Basin province*® seems to 
have been a vast peneplain bordered by an upland of slight relief. Hills“! has 
noted the areas of low relief. Assumably the land areas on the east were the 
sources of much of the fine clastics that were interbedded with limestones and 
massive calcium sulphate deposits. 

The intensely colored Blaine and Dog Creek shales represent marine or closely 
related deposits in seas that periodically may have been shallow. Criteria by 
which to define continental deposits, such as the remains of terrestrial organisms, 
occurrences of mud cracks, rain-drop markings, and cross-bedding, have not been 
observed in shales. 

Some shales commonly are gypsiferous and others are saliferous. Their color- 
ation and saline character suggest that the environment for the shales must have 
been relatively warm and arid. 


36W. A. J. M. van Waterschoot van der Gracht, “Permo-Carboniferous Orogeny in South- 

Central United States,” Bull. Amer. Assoc. Petrol. Geol., Vol. 15 (September, 1931), PP. 991-1057. 

37 FE. H. Sellards, W. S. Adkins, and F. B. Plummer, “The Geology of Texas,” Univ. Texas Bull. 
3232 (August, 1932), pp. 21, 122-40, 145-66. 

38 W. A. Ver Wiebe, “Ancestral Rocky Mountains,” Bull Amer. Assoc. Petrol. Geol., Vol. 14 (June, 
1930), pp. 765-88. 

39 John M. Hills, “Rhythm of Permian Seas—a Paleogeographic Study,” ibid., Vol. 26 (February, 
1942), PP. 217-55. 

40 Robert I. Roth, op. cit. (November, 1942), p. 1665. 

41 John M. Hills, op. cit. (February, 1942), pp. 232-34. 
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Temperatures for the saline and for the shallower brackish seas must have 
exceeded a range higher than 42°C. The range of temperature for the normal 
marine sea is inferred to have varied from about 8°C. to more than 30°C. Eco- 
logical factors suggest that the optimum temperature range favorable to organ- 
isms in the normal marine sea must have varied from about 6°C. to perhaps 
26°C. on the evidence of comparisons with present seas. 

The shales are unfossiliferous except for very limited occurrences of small 
clams, observed by the writer in some thin calcareous strata where the pelecypods 
Pleurophorus albequus Beede and a species of Allorisma represented these fau- 
nules, 

After middle Dog Creek time that sea must have been highly saline. There, 
many of the deposits are saliferous. Organic remains are absent excepting a 
few clams, for example, Pleurophorus albequus Beede and others of the genera 
Allorisma and Dozierella in the Childress dolomite. This member, considered by 
some geologists as uppermost Dog Creek,® is limited by disconformable relation- 
ships that marked the close of Dog Creek time. 


ORGANIC ENVIRONMENT 


Ecological history for ancient seas can be only partly reconstructed from 
organic evidences in the deposits. The paleontological record can be supplemented 
by comparisons with conditions affecting marine organisms in the seas of to-day.” 
Thus, Blaine and Dog Creek floras and faunas are important in interpreting the 
history of those seas. 


FLORAS 


The odlitic carbonates suggest the importance of plants in Blaine and Dog 
Creek paleoecology. The odlitic strata contain pseudo-pisolitic aggregates whose 
individual forms indicate that they are carbonate replacements of unicellular 
plants. 

The calcium carbonate plants are everywhere fragmental, appearing as broken 
hollow tubes associated with thallus-like deposits and with aggregates of hollow 
spherical or subspherical bodies. The occurrences indicate that thallophyte dis- 
tribution was in attenuated plant colonies. 

Unicellular plants have been observed at many marginal localities and also in 
drill cuttings in Oklahoma and Texas. They represent a collective flora of three or 
more species, which the writer has assigned to the following algae. 


Green algae: Mizzia cf. M. minuta Johnson and Dorr and Mizzia sp. 
Blue-green algae: Girvanella sp. 


42M. Grace Wilmarth, “Lexicon of Geologic Names of the United States,” U. S. Geol. Survey 
Bull. 896 (1938), pp. 429-30. 


438 Thomas Wayland Vaughn, of. cit. (March, 1940), pp. 436-38. 
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FAUNAS 


Blaine and Dog Creek faunas are nearly identical. The assemblages recog- 
nized previously by the writer contain 37 species“ of invertebrates. This catalogue 
has since been extended and more than 4o species are now recognized from the 


deposits. 


TABLE II 
BLAINE AND Doc CREEK FAUNAS 


CHAETOPODA 

Spirorbis sp. 

CRINOIDEA 

Single crinoid-stem segment 
BryYOZOA 

Fistulipora sp. 

BRACHIOPODA 

Derbya sp. 

Dictyoclostus bassi McKee 
PELECYPODA 

Edmondia rotunda Beede 
Dozierella gouldit (Beede) 

M yalina apachesi Marcou 
Pseudomonotis sublaevis Girty 
Pseudomonotis hawnit (Meek & Hayden) 


Aviculopecten vanvleeti Beede 
Aviculopecten sp. 


GASTROPODA 


Bellerophon majusculus Walcott 
Murchisonia gouldii Beede 


SCAPHOPODA 

Plagioglypta canna White 

CEPHALOPODA 

(1) NAUTILOIDEA 

Pseudorthoceras splendens Clifton 

Mooreoceras normale Miller, Dunbar and Condra 

Mooreoceras gigantea Clifton 

Titanoceras sanandreasense Miller, Dunbar and 
Condra 

Coelogasteroceras mexicanum (Girty) 

Tainoceras cf. T. schellbachi Miller, and Unkles- 
bay 

Temnocheilus? sp. 

(2) AMMONOIDEA 

Propinacoceras knighti Miller & Furnish 

Medlicoitia whitneyi Bose 

Medlicottia sp. 

Pseudogastrioceras texanum Clifton 


Worm burrows 


Polypora sp. 


Productus cf. P. occidentalis Newberry 
Composita mexicana (Hall) 


Allorisma rothi Newell 
Schizodus oklahomensis Beede 
Schizodus texanus Clifton 
Nucula levatiformis (Walcott) 
Pleurophorus mexicanum Girty 
Pleurophorus albequus Beede 
Astartella subquadrata Girty 


Naticopsis transversus (Beede) 


Metacoceras incons picuum? Hyatt 

M ee cf. M. biseriatum Miller and Unkles- 
ay 

Domatoceras sp. 

Domatoceras cf. D. waltert Miller and Unklesbay 

Stenopoceras sp. 

Nautiloid sp. (with spine-like appendages) 

Nautiloid sp. 


Pseudogastrioceras roadense (Bése) 
Adrianites newelli Miller & Furnish 
Agathiceras girtvi 

Perrinites hilli (Smith) 


Blaine and Dog Creek faunas are noteworthy for exceptional occurrences of 
some species, and for limited occurrences, or absence, of other species that might 
be expected. For example, the bryozoans, brachiopods, and gastropods, abundant 


“ R. L. Clifton, “Invertebrate Faunas from the Blaine and the Dog Creek Formations of the 
Permian Leonard Series,” Jour. Paleon., Vol. 16 (November, 1942), pp. 685-99. 
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elements in Permian faunas, have a very limited representation, and the fusulin- 
ids, sponges, corals, and echinoids are not recognized. A single crinold-stem seg- 
ment does appear in the assemblages and may have an ecological significance. 
The paucity of bryozoans, brachiopods, and gastropods is unexpected in the 
normal marine environment in Blaine and Dog Creek seas. The abundance of 
several species of the exclusively marine nautiloids and ammonoids, and the great 
numbers of individual pelecypods suggest that these biologic associations resulted 
from specialized or extreme factors of the environment, involving salinity, depth 


TABLE III 
Crass DISTRIBUTION BY NUMBER OF SPECIES IN BLAINE AND Doc CREEK MEMBERS 
Number of Species Represented 
Chas Blaine Dog Creek 
Cedartop}| Acme Shimer | Guthrie Childress 
Chaetopoda I I 2 — 2 
Crinoid-stem segment I 
Bryozoa 2 2 
Brachiopoda 3 I 
Pelecypoda is 6 13 6 14 5 3 
Gastropoda I 2 I 3 I 
Scaphopoda I I I 
Cephalopoda 
(1) Nautiloidea 9 2 13 
(2) Ammonoidea 6 a 2 
| 6 | 8 | 35 | 10 46 16 3 


of the seas, temperature (interrelated with depth), character of the sea floor, or 
other factors not so obvious. Periodically, the cephalopods and pelecypods found 
a favorable habitat but conditions highly favorable to them were quite unfavor- 
able to the fusulinids, sponges, corals, and echinoids, though not wholly unfavor- 
able for bryozoans, brachiopods, and gastropods. Ecological factors that controlled 
Blaine and Dog Creek biologic assemblages have thus defined a distinctive 
molluscan faunal facies, characterized by cephalopods. 


ENVIRONMENT AND FOSSIL TYPES 


Characteristic biologic assemblages of Blaine or Dog Creek were contempo- 
raneous with those in other middle Permian seas, and their distribution® was 
controlled by depth, temperature, substratum, turbidity, light, food, enemies, 
oxygen content, hydrogen ion concentration, salinity, and other ecological factors. 

Marine habitat involves on the one hand a bathymetric zonation as littoral, 
neritic, bathyal, and abyssal, and on the other hand, a habitat classification as 


4 W.H. Twenhofel, “Organisms and Their Environment,” Nat. Research Council, Div. Geol. and 
Geog., Rept. Comm. Paleoecology (May, 1936), pp. 1-9. 
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planktonic, nektonic, and benthonic. Assumably, in Blaine and Dog Creek nor- 
mal marine seas, there existed organisms that swam feebly or floated on, or near, 
the surface, as planktonic; others that swam or moved directionally at inter- 
mediate depths, as nektonic; and those that crawled on, hovered near, or lived 
on, the bottom of the seas, as benthonic organisms. The benthonic creatures 
were limited in distribution by the character of the substratum and they alone 
reflect the environment of the deposits in which their fossils are now found. 

The distribution of the benthonic and nekto-benthonic organisms and their 
fossil preservation represent interesting if not unique examples of adaptation to 
environment. Each change in sediment and each oscillation of sea-level created 
new or modified environments, and changes* in environment greatly modified 
organic distribution. For example, the benthonic nautiloids and ammonoids ap- 
pear abruptly with pelecypods in the Acme member of the Blaine. The cephalo- 
pods are almost absent in the succeeding Shimer member (Table III). The 
nautiloids and ammonoids, with many pelecypods, reappear in the Guthrie 
member of the Dog Creek. Many of these benthonic creatures persist in the As- 
permont, though none of the cephalopods appears in the Dog Creek above the 
Aspermont. 

Some pelecypod species belonging to the genera Pleurophorus, Schizodus, 
Allorisma, and Pseudomonotis and some nautiloids belonging to the genera 
Metacoceras, Mooreoceras, Domatoceras, and Coelogasteroceras were long-ranging 
forms that are recurrent in Permian faunas. Their appearance, disappearance, 
and re-appearance in younger strata, though in no continuous sequence, laterally 
or vertically, are obvious factors to suggest the importance of recurring environ- 
ments favorable to ubiquitous forms in Blaine and Dog Creek seas. 


PELECYPODS 


Although important to environmental studies, the twelve or more species of 
pelecypods add little character to the faunas, since many of the species were 
ubiquitous forms. Most of the pelecypods, like remote relatives in the seas of 
to-day, were benthonic or else limited nekto-benthonic creatures that lived a 
sedentary, though perhaps at times, a vagrant life. Some of these ancient organ- 
isms may have been casual floaters. By present comparisons, they must have been 
scavengers or were dependent on small organisms for food. 

Rich concentrations of pelecypod fossils in some thin strata are common oc- 
currences. Their remains thus form coquina-like deposits for which the action 
of waves, currents, or storms, was not wholly responsible. Many bivalved pelecy- 
pods mingled with pelecypod single valves and with the unbroken remains of 
other invertebrates, none of which appears to be directionally oriented, compose a 
considerable part of such organic deposits. 

The mute reminder of ancient struggles for existence is indicated in other 


46 Idem, “Sedimentation and Stratigraphy from Modern Points of View,” Jour. Paleon., Vol. 8 
(December, 1934), pp. 456-68. 
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coquina-like deposits, chiefly the remains of pelecypods. Within such deposits 
there are also the remains of bivalved pelecypods and the well preserved casts 
and molds of other invertebrates. The state of preservation, the position, and the 
association of broken with unbroken forms suggest that the fragments were not 
accumulated by the action of waves or of storms. Conceivably, the fragmented 
shells resulted partly from the work*’ of scavengers or of carnivores. 

Blaine pelecypods reached maximum development near the close of Acme 
time, concurrent with nautiloids and ammonoids. The period of maximum devel- 
opment of those organisms coincided with the period of maximum extent of the 
normal marine sea of Blaine time. However, the greatest development of Blaine 
and Dog Creek pelecypods, cephalopods, and other organisms was in the Guthrie 
stage of the Dog Creek (Table III). 


NAUTILOIDS 


Casts and molds of twelve or more species of nautiloids have been recognized 
in Blaine and Dog Creek strata. Collectively, these nautiloids, including both 
straight and tenuous forms, represent a most exceptional assemblage of exclu- 
sively marine organisms, some species of which are striking both for size and for 
morphological development. Blaine and Dog Creek nautiloids** are diversified; 
no comparable assemblage in other Permian faunas is known to the writer. 

These nautiloids are represented in present marine seas by perhaps three 
species of a single genus. Their habitat is restricted and life histories are not well 
known. Thus limited by lack of modern comparisons,*® the paleoecologist has only 
the more obvious ecological factors of the Blaine and Dog Creek nautiloids, such 
as occurrence, association, and development, as criteria of the ancient environ- 
ment. 

Casts and molds of these Permian nautiloids suggest that they were heavy- 
bodied organisms, which crawled on or hovered near the bottom of the seas. 
Assumably they were benthonic or perhaps nekto-benthonic, but not widely 
vagrant creatures and were limited to a normal marine habitat in relatively 
shallow seas. Their fossils everywhere occur with the fossils of pelecypods and 
ammonoids. 

Nautiloid distribution in Blaine or in Dog Creek strata is nowhere as great as 
that of most pelecypods and is nowhere as great in lateral range as that of the 
ammonoid Perrinites. Being heavy-bodied, they traveled locally on the sea floor 
or swam awkwardly at intermediate depths. Their dead bodies probably floated 
with difficulty or not at all and there was little transportation by waves or cur- 
rents after death. Their preserved phragmacones, commonly attached to the 

47 Tdem, “The Rate of Deposition of Sediments; A Major Factor Connected with the Alteration 
of Sediments after Deposition,” Jour. Sed. Petrology, Vol. 12 (December, 1942), pp. 99-110. 

48 This nautiloid collection has been deposited at the State University of Iowa, where it is avail- 
able for critical study. 


49 A. K. Miller and W. M. Furnish, “‘Paleoecology of the Paleozoic Cephalopoda,” Nat. Research 
Council, Div. Geol. and Geog., Rept. Comm. Paleoecology (May, 1937), pp- 54-63- 
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large nautiloid living-chamber, furnish no evidence that their conchs had been 
subjected to the destructive action of waves or currents. It has been further ob- 
served that nautiloid remains in Blaine and Dog Creek deposits are associated 
with fossils of bivalved pelecypods, with well preserved phragmacone casts and 
molds of ammonoids, and with unbroken remains of other organisms, none of 
which shows evidence of the destructive work that would surely result from trans- 
porting media. Assumably, these nautiloids were indigenous to the deposits in 
which the organic remains are now found. 

Assumably none of the nautiloids lived more than a casual planktonic exist- 
ence. Though not everywhere abundant, their distribution is nevertheless uniform 
and not spotty, so that widely isolated or sporadic occurrences are not common. 
A case in point involves the distribution of the nautiloid Pseudorthoceras splen- . 
dens, whose fossils, though abundant at some localities, appear to be rather 
closely restricted to those occurrences. This species, if a floater or surface swim- 
mer, might be expected sporadically at widely separated areas, by reason of postu- 
lated gas-filled chambers of the phragmacone. Its limited distribution seems to be 
evidence against a probable planktonic existence, or its transportation by waves 
or currents after death. 

These ancient nautiloids were doubtless carnivorous creatures that preyed 
on smaller organisms for food. Some of the competing forms may have been 
partly dependent on unicellular plants for food. Nautiloids doubtless made use of 
plant colonies as a means to stalk their prey, and for shelter. Their fossils, in 
many places in abundant assemblages,®® are common to some odlitic or pseudo- 
pisolitic carbonates that contain evidences of calcareous algae. These assem- 
blages suggest that the nautiloids were gregarious creatures, as an environmental 
response in their search for a more favorable habitat. 

Blaine and Dog Creek nautiloids had a life history of normal, robust develop- 
ment. Their fossil molds and casts do not indicate that they were impoverished 
or depauperated organisms. Doubtiess, the normal marine environment prevalent 
in Blaine or in Dog Creek seas was periodically favorable to a normal ontogeny 
for nautiloids. 

AMMONOIDS 


The seven or more species of ammonoids recognized in Blaine and Dog Creek 
assemblages were marine organisms in the strictest sense. Their remains are 
therefore excellent indicators of the environment in the normal marine seas. 
They were probably adaptive to a habitat in relatively shallow seas, where 
periodically there were slight increases in salinity above that of normal sea water. 
The ammonoids, like the nautiloids, were intolerant of brackish water, or of slight 
reduction in normal salinity.» 


50 Rousseau H. Flower, “Environment of Early Paleozoic Nautiloids,” Nat. Research Council, 
Div. Geol. and Geog., Rept. Comm. Marine Ecology (May, 1942), pp. 37-41. 


51 Gayle Scott, op. cit. (July, 1940), pp. 1196-99. 
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Ammonoids,®-** like nautiloids, were competing creatures whose remains oc- 
cur in various deposits, though their fossils are by no means universal. The con- 
taining rocks are thin-bedded dense limestones, argillaceous limestones, soft 
granular carbonates, calcareous gypsums, calcareous mudstones, and even thin 
gypsum strata. At a few localities, phragmacones of the ammonoid Perrinites, 
some with part of the living-chamber attached, occur abundantly in calcareous 
shale or mudstones. Their fossils there are associated with numerous worm bor- 
ings and other fossils. The normal marine environment for such characteristic 
deposits must have been warm, relatively clear, and quiet. 

Blaine and Dog Creek ammonoids, like Cretaceous ammonoids, were mobile 
creatures that swam or moved near, or crawled on, the bottom of the normal 
marine seas. Their fossil occurrences suggest that they were gregarious, benthonic, 
or nekto-benthonic creatures. Ammonoid casts and molds are commonly associ- 
ated with those of nautiloids, and they are everywhere associated with pelecypod 
fossils in Blaine and Dog Creek strata. Perrinites and other ammonoid remains 
are common to some odlitic carbonates that contain evidences of calcareous algae. 

The great numbers of ammonoid phragmacones of the genus Perrinites, at 
some localities in Texas, indicate that this ammonoid was also gregarious in the 
search for a more favorable environment. The concentration in great numbers of 
well preserved Perrinites phragmacones, some with part of the living-chamber 
attached, and their association with other fossils equally intact, indicate that 
waves or currents were little responsible for such concentrations. 

It is probable that Blaine and Dog Creek ammonoids were indigenous gen- 
erally to the deposits in which their fossil forms are now found. Like the nauti- 
loids, they flourished periodically as denizens of the normal marine seas. 

Of all organisms that appear in middle Permian faunas, no individual fossil 
evinces a greater interest among geologists than does the ammonoid Perrinites. 
The rich fossil occurrences of this ammonoid in some marginal deposits and the 
sporadic or other occurrences at many widely separated localities are striking 
examples of organic dispersal in Blaine or Dog Creek deposits. The distribution 
of Perrinites, doubtless a mobile benthonic, or nekto-benthonic creature, very 
reasonably defines an eastward extent for periods of incursion of the normal 
marine sea, during Blaine or during Dog Creek time. The ammonoid Perrinites 
is associated with the fossils of pelecypods at all occurrences noted by the writer, 
in Blaine and in Dog Creek strata. Significantly, the casts and molds of this 
creature do not occur in deposits peculiar to a brackish sea, or in the characteristic 


deposits of a highly saline sea. 


52 F, B. Plummer and Gayle Scott, “Upper Paleozoic Ammonoids in Texas,” Univ. Texas. Bull. 


3701 (July, 1937), pp. 11-410. 
53 A. K. Miller and W. M. Furnish, “Permian Ammonoids from the Guadalupe Mountain Region 
and Adjacent Areas,” Geol. Soc. America S pec. Paper 26 (1940), pp. 1-242. 


54 Gayle Scott, op. cit. (July, 1940), pp. 1164-96. 
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GEOLOGICAL NOTES 


ELASTICITY OF RESERVOIR ROCKS AND FLUIDS, WITH 
SPECIAL REFERENCE TO EAST TEXAS OIL FIELD! 


DAVID DONOGHUE? 
Fort Worth, Texas 


That the classic theory of artesian flow required modification in some in- 
stances was suggested by O. E. Meinzer* in the year 1925 and was the theme of 
two papers published in 1928, one by W. L. Russell and the other by O. E. 
Meinzer.® These authors pointed out that, in the area discussed, the compaction 
(reduction of porosity) of the rock composing the aquifer and the expansion of 
the water in the aquifer were important factors in the discharge of water from 
the aquifer. 

In the various controversial hearings involving proration of the East Texas 
oil field during the years 1932 to 1934, testimony was usually offered to show that 
at the field there was no effective recharge of water from the outcrop of the Wood- 
bine sand or other known source and that water entered the oil-saturated zone as 
a result of the expansion of the water and compaction of the reservoir rock. The 
opposite view appeared to be that the “water drive” was “simple artesian flow”’ 
or “steady state flow” from the outcrop. However, during this period H. D. 
Wilde, Jr., and T. V. Moore® and G. L. Nye and C. E. Reistle, Jr.,’ amplified 
the idea of the expansion of the reservoir fluids, and M. Muskat® and R. J. Schil- 


! Manuscript received, March 9, 1944. Modified from paper presented before the American In- 
stitute of Mining and Metallurgical Engineers, Petroleum Division, at Dallas, May, 1943. Published 
by permission. 


2 Consulting geologist, Fort Worth National Bank Building. 


30. E. Meinzer, ‘The Artesian Water Supply of the Dakota Sandstone in North Dakota,” 
U.S. Geol. Survey Water Supply Paper 520 (1925), pp. 90-93. 

4W. L. Russell, “The Origin of Artesian Pressure,” Econ. Geol., Vol. 23, No. 2 (March-April, 
1928). 

5 Q. E. Meinzer, “‘Compressibility and Elasticity of Artesian Aquifers,” Econ. Geol., Vol. 23, 
No. 3 (May-June, 1928). 

See also: O. E. Meinzer, “The History and Development of Ground-Water Hydrology,” Jour. 
Washington Acad. Sci., Vol. 24, No. 1 (January 15, 1934), pp. 6-32; ‘““Movements of Ground-Water,”’ 
Bull. Amer. Assoc. Petrol. Geol., Vol. 20, No. 6 (June, 1936), pp. 704-25. 

6 H. D. Wilde, Jr., and T. V. Moore, “(Hydrodynamics of Reservoir Drainage and Its Relation to 
Well Spacing,” Amer. Petrol. Inst. Proc., 13th Ann. Meeting (1932), Production Bull. 210, p. 83. 

7G. L. Nye and C. E. Reistle, Jr., “Recent Changes in Reservoir Conditions in the East Texas 
Field,” Petroleum Development and Technology, 1934, Amer. Inst. Min. Met. Eng., pp. 77-83. 


8 M. Muskat, “‘The Flow of Compressible Fluids through Porous Media and Some Problems in 


Heat Conduction” Physics, Vol. 5 (1934). 
———., The Flow of Homogenous Fluids through Porous Media. McGraw-Hill Book Company, 


Inc., New York and London (1937). See particularly pp. 644-53 and 673-75. 
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thuis and Wm. Hurst® developed mathematical equations, which, with exag- 
gerated values for the compressibility of water, have since been used to predict 
reservoir pressures in the oil-saturated zone. 

J. S. Hudnall read a paper at the Dallas meeting of the American Association 
of Petroleum Geologists in March, 1934, wherein the compaction of the sand and 
the expansion of the water in the East Texas field were discussed.!° The reaction 
to this paper at the meeting may be described as violent, though O. E. Meinzer 
advised that there was no excuse for drastic criticism. Subsequently, J. O. Lewis" 
and H. G. Botset and D. W. Reed” wrote articles alleging that compaction had 
very little effect on recovery, in which opinion they were sustained by T. V. 
Moore, who attempted to explain the apparently excessive elasticity of the water 
with the categorical statement that “the water in the Woodbine contains dis- 
solved gas.” Moore also made the following interesting comments. 


In addition to the expansibility of the fluids, the expansibility of the sand itself. . . 
the probable presence of undiscovered pockets of free gas, and the possible supply of 
fluids from formations above and below the Woodbine must also be considered in arriving 
at a value for the average apparent expansibility of the Woodbine fluids. . . . However, if 
compaction of the sand should occur, its effect could not be confined to the oil producing 
area alone, but would exist through the portion of the Woodbine basin in which the fluid 
pressure has been reduced. Thus its effect on the field would be the same as if the water 
were more compressible. 


Moore" later dismissed this skepticism regarding compaction and L. C. Uren® 
gave some support to the idea. It is remarkable that these two papers should 
appear in a British publication, on the science of petroleum, and that avoidance 
or denial of the concept should be the position of many American publications in 
the same field. 

In 1940 there appeared a Bureau of Mines report'® giving the results of com- 
pressibility tests of Woodbine sand cores from wells in the East Texas field. This 
report depreciated the effect of the compaction of the sand. Also in 1940 C. E. 


® R. J. Schilthuis and William Hurst, “Variations in Reservoir Pressure in the East Texas Field,” 
Petroleum Development and Technology, 1935, Amer. Inst. Min. Met. Eng. 

10 J. S. Hudnall, ““New Theory in the Production of Oil in the East Texas Field,” East Texas Oil, 
Vol. 1, No. 1 (May, 1934). Asummary of the paper read at the A. A. P. G. meeting. 

1 J. O. Lewis, “Rock Pressure,” Petroleum Engineer (May, 1934), PP- 40-44. 

22H. G. Botset and D. W. Reed, “Experiment on Compressibility of Sand,” Bull. Amer. Assoc. 
Petrol. Geol., Vol. 19, No. 7 (July, 1935), pp. 1053-60. 

18 T. V. Moore, “Data on Water Drive in East Texas Show Proper Method of Producing,” Oil 
and Gas Jour. (March 14, 1935), pp. 11-12. 

4H. D. Wilde, Jr., and T. V. Moore, “The Control of Water in Oil Reservoirs,” The Science of 
Petroleum, Oxford University Press (1938), Vol. 1, p. 569. 

%L. C. Uren, “Fundamental Principles Governing Drainage of Petroleum from Its Reservoir 
Rock,” zbid., p. 544. 

6 C. B. Carpenter and G. B. Spencer, “Measurements of Compressibility of Consolidated Oil- 
Bearing Sand,” U, S, Bur. Mines R. I. 3540. 
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Jacob’” developed a mathematical equation embracing O. E. Meinzer’s concepts, 
and he pointed out that in Muskat’s work “it would appear that consideration 
has been given only to the compressibility of the fluid, and that compressibility 
of the fluid medium has tacitly been neglected.”’ More recently J. M. Bugbee,'® 
in discussing “water drive” asserts that “the expansion concept was developed 
in studies of the East Texas field, and that field is a documented example of its 
importance.” 

The references given are perhaps the most important that have appeared 
during the past 20 years but they do not constitute a complete review of the 
subject. It may be said that the point overlooked or minimized in some of these 
papers is that the pressure decline, due to the removal of oil, gas, and water from 
the reservoir, extends out into the water-saturated zone westerly from the field 
and the influence of a small pressure decline upon the large volume of water, 
sand, clay, and shale in the Woodbine formation causes the movement of water 
in substantial volume into the relatively low-pressure oil-saturated zone. This 
movement of the water is a direct effect of the expansion of the water and the re- 
duction of porosity of the reservoir rock, which phenomena are a result of the 
pressure decline incident to the removal of oil from the immediate vicinity of the 
oil-water contact, through wells to the surface and by drainage toward areas of 
relatively low pressure, and the consequent extension of the pressure gradient 
into the water-saturated zone. Other factors may enter into and complicate the 
problem such as the expansion of oil, gas, and interstitial water in the oil-satu- 
rated zone; expansion of gas dissolved in the water; changes in porosity and per- 
meability due not only to the compression of the sand body" and to the expansion 
of the sand grains, but also to chemical precipitates and to hydrophylic con- 
stituents of the reservoir rock; movement of fluids into the Woodbine sand from 
adjacent rocks or through faults; water produced from the Woodbine sand and 
water returned to the sand; and existence of other oil and gas fields within the 
area affected by the pressure deciine.?° A pressure decline that would have full 
effect on the expansion of the fluids may not be fully effective in the compaction 
of the reservoir rock. A method for the measurement of the compaction could 
perhaps be found should the matter become of sufficient importance. Pressure 
tests on water wells in the Woodbine sand in the East Texas basin and tests on 
the compressibility of Woodbine waters at reservoir temperatures would also be 
desirable. 


17. C. E. Jacob, “On the Flow of Water in an Elastic Artesian Aquifer,” Trans. Amer. Geophys. 
Union, Pt. 2 (1940), pp. 574-86. 

18 J. M. Bugbee,“‘ Reservoir Analysis and Geologic Structure,” Amer. Inst. Min. Met. Eng. Tech. 
Pub. 1527. 

*® Compression of an unconsolidated sand may cause an increase in porosity, a phenomenon 
known as dilatancy. The expulsion from a reservoir of particles of the reservoir rock and subsidence 
of the superimposed strata may also affect porosity and permeability. 

*° At the south end of the East Texas oil field there is an area_with free gas in the Woodbine sand. 
Gas caps have been in evidence on the east side of the field. These facts are often disregarded in 
scientific papers discussing the field. 
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Data with which to make a reasonable estimate of the amount of water that 
enters the oil-saturated zone as a result of the phenomena mentioned are not 
available to the writer, though they are perhaps available to others, or may be- 
come available in the future. Assumptions and approximations must be made 
and they are made here only for the purpose of showing that the compaction of 
the sand must be given consideration in any complete exposition of reservoir 
performance. The assumptions and approximations are as follows. 


1. In the East Texas basin for a distance of 30 miles, north, west, and south 
from the edge of the East Texas oil field the Woodbine formation has an average 
thickness of 500 feet, of which 50 per cent is sand with a porosity of 25 per cent, 
and 50 per cent is shale and clay with a porosity of 10 per cent. The “effective” 
thickness is taken at 300 feet of Woodbine formation containing 2,000 barrels 
of water per acre-foot. 

2. The expansion of the Woodbine water is 1/3500 in volume per 100 pounds 
per square inch of pressure decline; therefore, an acre-foot of “effective” sand 
expels 0.57 barrel of water as a result of this expansion. 

3. The compaction (decrease in porosity) of the Woodbine sand is 45/1000 
of 1 per cent per 100 pounds per square inch of pressure decline; therefore, an 
acre-foot of “effective” sand expels o.9 barrel of water as a result of this com- 
paction. 

4. Apparently then 1.47 barrels of water move into the oil-saturated zone 
from the water-saturated zone from each acre-foot of “effective” sand for each 
100 pounds per square inch pressure decline to which the water-saturated zone 
is s bjected. An “effective” sand thickness of 300 feet will yield 440 barrels of 
water per acre or 280,000 barrels per square mile. 

5. The pressure decline as of January, 1944, in the western part of the East 
Texas field has been approximately 550 pounds per square inch and the pressure 
gradient decreases westerly from the field until at some distance the pressure has 
not been affected by production of oil and gas in the East Texas field. The 
average pressure decline of 275 pounds over such area would expel 770,000 barrels 
of water per square mile by compaction of the sand and expansion of the water. 


If the foregoing assumptions and approximations are fairly accurate it would 
appear that an area extending 30 miles more or less out into the basin north, west, 
and south from the field would yield sufficient water from the Woodbine forma- 
tion alone to replace wholly or in large part the 2 billion barrels of oil and the gas 
and the water produced to the end of the year 1943. It should also be apparent 
that in the East Texas oil field, oil and gas production, reservoir-pressure decline, 
expansion of the gas, oil, and water, and compaction of the rocks are comple- 
mentary phenomena and that “water drive,” whatever it may be, needs a def- 
inition. 
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BROKEN ARROW COAL AND ASSOCIATED STRATA, 
WESTERN ROGERS, WAGONER, AND SOUTH- 
EASTERN TULSA COUNTIES, OKLAHOMA! 


MALCOLM C. OAKES? 
Norman, Oklahoma 


INTRODUCTION 


Early in 1941 the Oklahoma Geological Survey and the United States Bureau 
of Mines began investigating coals in Oklahoma with special reference to coking 
properties and other chemical characteristics, and Oklahoma coal is now being 
supplied to coke ovens at new blast furnaces in Texas. 

Included in the investigation were a number of mines in the area extending 
from Broken Arrow to northeastern Rogers County. Analyses of samples from 
several mines in the district showed such widely divergent characteristics that 
some question arose about correlation of the beds from which the samples came. 
Consequently, an investigation was undertaken to determine the true strati- 
graphic relations of the exposures sampled. Field work was begun, April 13, 1943, 
and continued, with interruptions, to June 18, 1943. 

The stratigraphic limits of the investigation were the upper part of the Chelsea 
sandstone, below, and the base of the Fort Scott limestone, above. The conclu- 
sions reached are that all samples represented by the analyses were from the 
Broken Arrow coal, and that discrepancies indicated by the analyses are due to 
lateral variations in the coal. The investigation produced more detailed knowl- 
edge of the stratigraphy of the upper Cherokee than has been available heretofore, 
and the pertinent observations and deductions made in the course of the work 
are reported in this paper. 

Thanks are due to Robert H. Dott and J. O. Beach for assistance in prepara- 
tion of the manuscript and to Neal T. Dilday for preparation of the map and 
sections. 


PREVIOUS INVESTIGATIONS 


This area, in common with other parts of northeastern Oklahoma, was visited 
in the course of several early geological expeditions; but the earliest investigation 
mentioned here is that reported by Gould, Ohern, and Hutchison? in 1910. Ohern 
mapped equivalent strata in the Vinita Quadrangle, on the north, during the 
period of 1908-1911. A little later, Carl D. Smith mapped the Claremore Quadrangle 
which includes most of the area considered here. Neither the work of Ohern nor 


1 Manuscript received, May 4, 1944. Published by permission of the director of the Oklahoma 
Geological Survey. A more extended report of this investigation will be published by the Survey. 


? Field geologist, Oklahoma Geological Survey. 


5 Charles N. Gould, D. W. Ohern, and L. L. Hutchison, “Proposed Groups of Pennsylvanian 
Rocks of Eastern Oklahoma,” Univ. Oklahoma Research Bull. 3 (1910). 
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that of Smith was published, but the original maps were used in compiling the 
Geologic Map of Oklahoma‘ in 1926. The writer has had access to the unpub- 
lished report of Ohern and to a photostatic copy of Smith’s original map. Both 
contributed substantially to this investigation, as did a manuscript reconnais- 
sance map by S. W. Lowman, made in 1933, which was kindly loaned to Okla- 
homa Geological Survey, and for which acknowledgment is gratefully made. 

Manuscript for a general report on coal in Oklahoma, prepared by C. W. 
Shannon and others in 1915, was revised by C. L. Cooper and published as 
Oklahoma Geological Survey Bulletin 4, in 1926.5 A section entitled “North- 
eastern Oklahoma” contains brief descriptions and a generalized map of coal 
beds of the area. It seems that there was some confusion about correlations of the 
coals, and reference was not made to the Broken Arrow bed, nor is the bed shown 
on the map in the area between Arkansas and Verdigris rivers. However, from 
Verdigris River to the north limit of the present investigation the trace of the 
outcrop of the bed called “Fort Scott coal” corresponds in general with the Broken 
Arrow coal as mapped in the course of the present work. Oklahoma Geological 
Survey Bulletin 19, Pt. 2 (1917), “Petroleum and Natural Gas in Oklahoma,” 
and Bulletin go, Pt. 3 (1930), “Oil and Gas in Oklahoma,” include brief discus- 
sions of the geology of Tulsa, Wagoner, and Rogers counties. 

A few analyses of samples of what the writer identifies as Broken Arrow coal 
(generally referred to as “Fort Scott’ or “unnamed”’) from mines in Rogers and 
Wagoner counties are given in United States Bureau of Mines Technical Paper 
411, published in 1928, and in Oklahoma Geological Survey Bulletin 51, published 
in 1929. 

METHODS OF PRESENT INVESTIGATION 


Through coéperation of the United States Bureau of Mines, aerial photo- 
graphs for the area from Arkansas River to the north side of T. 22 N. were avail- 
able. They were used in the field as a stereoscopic base map, sketching being done 
on the stereoscopic image. 

The area has many good roads which afford convenient access to outcrops by 
automobile. Sketching as well as checking of earlier maps was done from these 
roads wherever possible. However, escarpments generally capped by persistent 
key limestone beds extend locally great distances beyond the outcrops of these 
limestones, the extensions being capped by local sandstone lenses somewhat 
lower in the section. For this reason, mapping from the stereoscopic image was 
not uniformly trustworthy and considerable work had to be done afoot between 
the roads. 

Stratigraphic sections were measured and described wherever opportunity 
afforded. Natural exposures of coal are rare, but strip pits are numerous in the 


* Hugh D. Miser, “Geologic Map of Oklahoma,” U. S. Geol. Survey (1926). 
5 C. W. Shannon and Others, “Coal in Oklahoma,” Oklahoma Geol. Survey Bull. 4 (1926). 
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area and even the oldest of these are clearly indicated on the stereoscopic image. 
All these pits were visited and in and above many of them sections were measured 
from the coal up to the Verdigris limestone. When plotted and correlated, the 
measured sections disclosed the relations of the Broken Arrow coal to the Verdi- 
gris limestone throughout the area and to certain local sandstone lenses. With 
these relations in mind, the outcrop of the coal was drawn on the stereoscopic 
image as accurately as could be between strip pits or other exposures. Finally 
the data were assembled from the photographs to the map. 

The problem, as originally undertaken, did not extend beyond T. 22 N. Later 
it was considered advisable to include the coal exposures in the strip pits north 
of Bushyhead in T. 23 N., R. 17 E., on the St. Louis-San Franciso Railway, about 
4 miles beyond the northern limits of Figure 1, but aerial photographs were not 
available, and no mapping was done. However, sections were measured and the 
correlations determined in the field. 


STRATIGRAPHY 


The rocks included in this investigation comprise the upper 140-240 feet of the 
Cherokee group in the upper part of the Des Moines series of Pennsylvanian age. 


BROKEN ARROW BUSHYHEAD 
18 N. 19 20 8. 22:8. T. 23 N. 
| 
tes 
Covered 200! 
OUTCROP SECTIONS 
300! 


1 Basal part of Fort Scott limestone. 2 Coal seam a few inches thick. 3 Limestone lentil, 
easily mistaken for Verdigris limestone. 4 Verdigris (Ardmore) limestone. 5 Broken Arrow 
coal. 6 Limestone lentil 1 to 2 feet below Broken Arrow coal. 7 Sandstone tongue, grades 


to shale northward. §& Upper part of Chelsea sandstone. 


Fic. 2 


The stratigraphic section studied extends from the upper part of the Chelsea 
sandstone, upward to the base of the Fort Scott limestone, which marks the top 
of the Cherokee. 

Chelsea sandstone.—This unit was named by D. W. Ohern in an unpublished 
report from exposures in the Vinita Quadrangle, east and southeast of the town of 
Chelsea. Only the upper part was studied in detail. 

In general, the upper part of the formation consists of two phases: a lower, 
massive, tree-bearing sandstone and an upper grass-covered zone of thin-bedded, 
silty sandstone and silty shale. At most places north of Verdigris River the lower 
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10-20 feet of the grassy zone is silty shale and the upper 10 feet, more or less, 
is thin-bedded, silty sandstone. However, immediately south of Verdigris River 
this grass-covered zone contains two bands of silty shale and two of silty sand- 
stone. 

These stratigraphic relationships are not as clearly discernible everywhere in 
the field as could be desired. It seems that there is both lateral and vertical 
gradation, so that no single phase occupies exactly the same stratigraphic position 
throughout the area. The top of the massive tree-bearing sandstone probably 
would be taken as the top of the Chelsea sandstone in casual, reconnaissance 
mapping, and has been so mapped in this area by some geologists, but it is not a 
clear-cut formational boundary. For instance, at the NE. cor. Sec. 27, T. 19 N., 
R. 15 E., this tree-bearing sandstone rises in the section to a point considerably 
higher stratigraphically than elsewhere, and this higher part grades laterally into, 
and inter-fingers with, shale both northward and southward. Similar local ac- 
centuation of sandstone deposition is common in the Pennsylvanian formations 
of northeast Oklahoma. 

The Chelsea sandstone probably is equivalent to some of the sandstones of 
the Senora formation. 

Interval from top of Chelsea sandstone to base of Broken Arrow coal.—According 
to field measurements, this interval is 50-80 feet thick, but the accuracy of these 
figures is in doubt, owing to difficulty in determining dips. It contains clay-shale 
and silty shale; a few thin, silty sandstone lenses; several thin coals of local oc- 
currence, none of which is known to be of economic importance; and at least one 
lenticular limestone. 

The most conspicuous sandstone lens lies a few feet below the Broken Arrow 
coal, and extends from the south side of the area into Sec. 10, T. 19 N., R. 15 E. 

Coal seams in wells have been reported by several drillers. Surface exposures 
of coal have been reported by local residents, but the only exposure seen by the 
writer is that on the east side of the road immediately north of the W. { cor. 
Sec. 2, T. 19 N., R. 15 E. where the coal is only 0.2 foot thick. Norman D. Newell, 
in unpublished notes, mentions an exposure of coal 2.0 feet thick in this locality, 
a good example of the erratic nature of these seams. 

Limestone occurs a few feet below the Broken Arrow coal and is commonly 
separated from the coal by a thin bed of shale. Exposures were found near the 
W. i cor. Sec. 21, T. 19 N., R. 15 E., and northward to the NE. cor. Sec. 24, 
T. 21 N., R. 15 E. They generally consist of one or more beds of silty to sandy, 
fossiliferous, dark colored limestone, 1 foot or less thick, separated from each 
other and from the overlying Broken Arrow coal by shale. The maximum thick- 
ness of this limestone-and-shale section is about 10 feet. The log of L. L. Boyd, 
G. T. Hanks et al. Heckman No. 1, center NE. 3, SW. } Sec. 7, T. 18 N., R. 15 E., 
records limestone at this horizon, though the Broken Arrow coal is not recorded. 

Broken Arrow coal.—The Broken Arrow coal is present throughout the area 
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(from south of Broken Arrow to north of Bushyhead) and probably extends 
farther, both northward and southward. It reaches its maximum thickness of a 
little more than 24 inches in the vicinity of Broken Arrow and its minimum of 
about 14 inches between Sequoya and Bushyhead, in T. 23 N., R. 17 E. The 
Broken Arrow coal is here correlated with the Croweburg coal of Kansas. 

Interval from top of Broken Arrow coal to base of Verdigris limestone.—This 
interval ranges from 16 feet thick in the vicinity of Broken Arrow to 70 feet thick 
north of Bushyhead. South of Verdigris River the entire interval is well exposed 
in strip pits and contains a lower dark shale bearing spheroidal calcareous concre- 
tions in its upper part, and an upper black fissile shale containing phosphatic 
nodules. North of Verdigris River the interval is so thick that all of it is not ex- 
posed in most strip pits, but judged from material found on weathered slopes it 
probably has the same general characteristics as south of the river. Most of the 
northward thickening seems to be in the lower division which contains some silty 
sandstone lenses north of Verdigris River. Describing ‘what is presumably the 
same interval in Kansas, Pierce and Courtier wrote: ' 


The Croweburg coal is overlain by 3 to 8 feet of shale, the upper half light gray and the 
lower half somewhat darker in color. Above this unit is 2} to 5 feet, averaging 3 feet, of 
fissile black shale, containing black siliceous limestone concretions, many of which are 18 
inches in diameter, and some 3 feet in diameter were noted. Small phosphate nodules, 
about three-fourths of an inch in diameter, are common in the black shale. . . . The large 
concretions have the shape of flattened spheres, whereas the small ones may be round, 
flattened, or several may be grouped together like peanut brittle. The succession of strata 
just described—that is, a coal overlain by gray shale, and then a black shale with concre- 
tions—furnishes an excellent means of identifying the Croweburg coal, for none of the 
other coals in the Cherokee shale have a similar succession of strata associated with them.® 


The sequence and lithologic character of the beds between the Broken Arrow 
coal and Verdigris limestone in Oklahoma are strikingly similar to those of the 
beds between the Croweburg coal and Ardmore limestone in Kansas. This sim- 
ilarity, together with the fact that the Verdigris-Ardmore correlation is fairly 
well established, makes the correlation of the Broken Arrow coal with the Crowe- 
burg seem fairly certain. 

Verdigris limestone.—The Verdigris limestone is remarkably uniform in thick- 
ness and character across the area. Exposures generally consist of 2-2.5 feet of 
dark, massive, fossiliferous limestone; but fresher exposures in strip pits are about 
5 feet thick and include more shaly, less resistant beds at the top and bottom. 
Norman D. Newell in his unpublished notes describes the Verdigris as containing 
chert, at least locally. Where the Verdigris limestone is covered by rubble in the 
hills north of Verdigris River, its approximate position is marked by a band of 
polygonal chert fragments, which probably originated from a 4-inch bed of chert 


6 W. G. Pierce and W. H. Courtier, “Geology and Coal Resources of the Southeastern Kansas 
Coal Field,” Kansas Geol, Survey Bull. 24 (1937), P- 75- 
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mentioned by Ohern’ as occurring 10 feet above the Verdigris limestone in this 
part of the area. 

Strata above Verdigris limestone.—The interval between the Verdigris lime- 
stone and the Fort Scott limestone is about 140 feet thick in the vicinity of 
Broken Arrow, but thins to 30 feet, or less, about the middle of T. 22 N. It is 
somewhat more than 30 feet thick across T. 23 N. 


INTERVAL FROM VERDIGRIS TO Fort Scott In T. 18 N. 


Bed Feet 
6 Limestone, Fort Scott 


(Contains the Prue (Squirrel) sand of subsurface terminology) 
4 Limestone, unnamed but occupies about the same horizon as the Breezy Hill limestone 
(This limestone has been mistaken in surface outcrops by some geologists for both Fort 
Scott and Verdigris and could be mistaken easily for Verdigris in subsurface studies) 


(Possibly part of Prue sand of subsurface in some areas on west) 


Limestone, Verdigris 


The limestone, No. 4 of the foregoing table, was not observed north of T. 18 N. 
It may be studied in the field conveniently at the following places: in the road 
and immediately east of a house on the south side of the road at the top of the 
hill about } mile west of the NE. cor. Sec. 18, T. 18 N., R. 15 E.; in the ditch on 
the north side of the railroad and immediately west of the stream along the east 
side of the NE. 3 Sec. 13, T. 18 N., R. 14 E.; ina draw at about the center of the 
SW. i, SE. 3 Sec. 13, T. 18 N., R. 14 E.; in a ditch on the north side of the road 
near the top of the hill at the S. 3 cor. Sec. 24, T. 18 N., R. 14 E.; on the east 
side of the road and immediately south of a house, also on the east side of the 
road, about } mile south of the NW. cor. Sec. 25, T. 18 N., R. 14 E. 


INTERVAL FROM VERDIGRIS TO Fort Scort, T. 19 To T. 23 INCLUSIVE 


Bed Feet 
5 Limestone, Fort Scott 
4 “Shale; clay to sandy, 1n part blackand fissile... 5-10 


(Contains Fort Scott (Mulky) coal seam which is mined at numerous places for local 
use but in this area is generally too thin to be of commercial importance) 


(Prue (Squirrel) sand of subsurface) 


1 Limestone, Verdigris 


Fort Scott limestone.—No description of the Fort Scott limestone is here at- 
tempted. It overlies the Cherokee shale directly and only the contact was 
mapped. 


7D. W. Ohern, “The Stratigraphy of the Older Pennsylvanian Rocks of Northeastern Okla- 
homa,” Univ. Oklahoma Research Bull. 4 (1910), p. 17. 
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DOLOMITE POROSITY IN DEVONIAN OF WEST 
TEXAS PERMIAN BASIN! 


T. S. JONES? 
Midland, Texas 


Until 1944 the Devonian of the Permian basin was regarded as merely a 
nuisance, not apt to contain fluid except in unpredictable fractured zones. On the 
outcrop in the Marathon region of the Big Bend, the Devonian (Caballos forma- 
tion) is 200-600 feet thick, almost entirely novaculite and chert. The Plymouth 
Oil Company’s Levy No. 1, Pecos County, penetrated 418 feet of Devonian, about 
go per cent chert. The rig time and rock bits necessary to drill through this chert 
make drilling to the Silurian, Simpson, and Ellenburger reservoirs enormously 
expensive. 

The Humble Oil and Refining Company’s Carter No. 1, 660 feet from the 
south line and 1,980 feet from the west line of Sec. 23, Block A-46, Public School 
Lands Survey, on the north edge of the Fuhrman field, central Andrews County, 
drilled the following section in January, 1944. 

Mississippian (Kinderhook) 

10,100-10,220 feet. Brown to black shale with trace of pyrite, containing Sporangites huronense 

Devonian 

10,220-10,261 feet. Clear and white, large, calcite crystals in light buff, finely crystalline, limestone 
matrix with trace of glauconite, stained with high-gravity oil. Some fragments of crinoids and 


bryozoans. Drill-stem test from 10,229 to 10,260 feet yielded go feet of oil-cut mud and 5 gallons 
of light green oil 


10,261-10,285 feet. White limestone made up of same large clear and white calcite crystals but with- 
out finely crystalline matrix 


10,285-10,560 feet. Buff to brown limestone with thickly scattered dark dolomite crystals and thin 
streaks of brown crystalline dolomite. Total proportion of dolomite about 30 per cent. Numerous 
fossils, mostly brachiopods and corals, obtained from cores. Fauna obviously Silurian or De- 
vonian, most closely resembling that Helderberg group, lower Devonian. However, brown spheri- 
cal spores were found in core at 10,317 feet. Stainbrook of Texas Technological! College has 
specifically identified some fossils as Helderberg forms. 


10,560-10,600 feet. White crystalline porous dolomite, with several thin beds of white limestone. 
Individual pores ranged up to 1 inch in diameter. Core at 10,578 feet contained two stromatopo- 
roids of early Devonian age. Drill-stem test from 10,542 to 10,595 feet recovered 8,800 feet of 
sulphur water 


10,600-10,700 feet. White finely crystalline dolomitic limestone, the dolomite crystals being about 
10 per cent of the section 


10,700-11,160 feet. Buff to brown limestone with thickly scattered dark dolomite crystals and thin 
streaks of brown crystalline dolomite, and lumps of chert. Chert found in most 10-foot samples, 
up to 30 per cent of sample, but averaging 10 per cent. Limestone proportion was 60 per cent and 
dolomite 30 per cent. In core at 10,723 feet was early Devonian stromatoporoid of same species 
found at 10,587 feet 


Silurian 

11,160-11,230 feet. Upper member of Silurian; white crystalline slightly porous dolomite with about 
20 per cent large white calcite crystals. Pentamerus (?) in core at 11,227 feet 
1 Manuscript received, May 27, 1944. 
2 Geologist, Humble Oil and Refining Company. 
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The Devonian beds in the Carter well average 67 per cent limestone, 28 per 
cent dolomite, and only 5 per cent chert. In the Kermit Ellenburger field, north- 
ern Winkler County, 49 miles southwest, the Devonian is about 500 feet thick, 
consisting of 55 per cent limestone, 35 per cent chert, and 10 per cent sand and 
shale. Devonian rocks in the Wheeler field, eastern Winkler County, 850 feet 
thick, are 40 per cent limestone, 40 per cent chert, and 20 per cent sand and shale. 
There are now five deep tests between the Carter well and Winkler County, three 
of them active, which have sections intermediate between the two areas. The 
northernmost of them, the Humble’s Scarborough No. 1, 20 miles west and 4 
miles north of the Carter well, does have more dolomite than limestone but it is 
not the white porous type. In this well the 960 feet of Devonian is not overlain by 
Kinderhook, and its age could not be ascertained until a fragment of Cyrtina was 
found in a core 650 feet below the top of the formation. 

In Gaines County, north by northwest from the Carter well, three deep tests 
penetrated rocks below the Kinderhook which appear to be Devonian by compari- 
son with the Carter well. In March, 1944, the Humble’s Cox No. 1, western Gaines 
County, 34 miles northwest of the Carter well, encountered at 10,265 feet a white 
to light buff limestone which is dolomitic lower in the section, and about 240 feet 
below the top is entirely pure white crystalline, partly porous, dolomite, some- 
what resembling the Ellenburger. A core at total depth, 391 feet in the formation, 
contained three poorly preserved fossil specimens, probably either trepostoma- 
tous bryozoans or corals of the Aulopora type. This supposed Devonian section 
was 50 per cent limestone and 50 per cent dolomite, without any chert. 

The Continental Oil Company’s Jones No. 1-A, northwest Gaines County, 
12 miles north of the Cox well, drilled 377 feet of Devonian below the Kinderhook, 
which was about 25 per cent light buff limestone interbedded with 75 per cent 
white crystalline porous dolomite, without any chert. In one sample, a coral 
(Favosites), a bryozoan, and a stromatoporoid were observed in the cuttings. 
This well reached the Devonian a month later than the Cox well; the increase in 
dolomite could be easily predicted. 

To summarize, one well in central Andrews County and two in Gaines County 
have encountered porous dolomites in the Devonian which should form excellent 
reservoirs and at least do not contain sufficient chert to hinder drilling to older 
formations. There is still no evidence of any great hiatus in the Paleozoic section 
beneath the Kinderhook black shale. 
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EXPLORATORY WELLS IN CALIFORNIA COMPLETED 
IN FIRST QUARTER OF 1944! 


A.A.P.G. PACIFIC SECTION? 
Los Angeles, California 


This tabulation of exploratory wells and footage was compiled by the A.A.P.G. 
Pacific Section committee on definition of terms. The classes shown correspond 
with those recently adopted by P.I.W.C. and P.A.W., with the exception that 
no break-down is shown for various types of “‘new-pool tests”’. 

Full explanation of the criteria of classification is deferred until the committee 
can render its recommendations to the Pacific Section. The committee has found 


Number of Wells Footage 


Failure Success Total Failure Success Tctal Percentage 


Success 
Outposts Oil 6 3 9 33,667 17,324 50,991 33-9 
Gas I 2 3 4,560 7,922 12,482 52.5 
Total 7 5 12 38,227 25,246 63,473 39.8 
New-pool tests Oil 2 4 6 8,200 10,800 19,000 56.8 
Gas ° ° o* 2,722 ° 2,722 0.0 
Total 2 4 6 10,922 10,800 21,722 49-7 
Wildcats Oil 34 8 42 117,694 31,478 149,172 ar. 
(New-field) Gas 4 30,135 115748 41,883 28.0 
Total 38 II 49 147,829 43,226 191,055 22.6 
Total Oil 42 15 57 159,561 59,602 219,163 27-2 
Gas 5 5 10 37,417 19,670 57,087 34-5 
Total exploratory 47 20 67 196,978 79,272 276,250 28.7 


_* No wells are charged against this class, but some of the footage drilled in wells counted in other classes is chargeable 
against this type of exploration. 


difficulty in defining exact demarcation between successful “‘extension wells” 
and/or “new pool” discoveries and/or wildcat discoveries. This difficulty lies 
partly in lack of definitive information at the time of discovery and partly in the 
inconsistence of nomenclature of extant fields. In this compilation every effort 
was made to follow the best usage and geologic standards determinable. 


1 Manuscript received, June 6, 1944. 
? Committee on definition of terms, H. K. Armstrong, chairman. 
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MISSISSIPPI OIL-FIELD AND SALT-DOME NAMES! 


MISSISSIPPI GEOLOGICAL SOCIETY? 
Jackson, Mississippi 


Five oil fields and thirteen piercement salt domes, all of which have not previ- 
ously been officially named by the Mississippi Geological Society nomenclature 
committee, were discovered in 1942 and 1943. Three oil fields and eight pierce- 
ment salt domes were previously known and designated. The earlier oil fields 
are: Tinsley (1939), Yazoo County; Pickens (1940), Yazoo and Madison coun- 
ties; and Cary (1941), Sharkey County. The earlier known salt domes are: 
Edwards dome (1937) and Halifax dome (1941), Hinds County; Midway dome 
(1937) and Tatum dome (1940), Lamar County; D’Lo dome (1942), Simpson 
County; Glass dome (1940), Kings dome (1941), and Newman dome (1940), 
Warren County. The following list with descriptions of the discovery wells brings 
to eight the number of oil fields discovered in Mississippi to the end of April, 1944, 
and to twenty-one the number of piercement-type salt domes, some of which have 
had showings of oil and gas. 


CRANFIELD OIL FIELD 


The Cranfield oil field was discovered by the California Company’s National 
Gasoline Company No. 1, Sec. 52, T. 7 N., R. 1 W., Adams County, which was 
drilled to 10,383 feet. The well was completed, October 6, 1943, in the Wilcox at 
5,880-5,885 feet. This test showed gas-distillate in the basal Upper Cretaceous 
sand. The test is on a prospect described in 1941 by the Mississippi State Geologi- 
cal Survey but was located as a result of geophysical work by the California 
Company. The name is from a station on the Mississippi Central Railroad in the 
vicinity of the discovery well. 


BROOKHAVEN OIL FIELD 


The Brookhaven oil field was discovered by the California Company’s G. T. 
Smith No. 1, Sec. 4, T. 7 N., R. 7 E., Lincoln County, which was drilled to 12,229 
feet. The well was completed, July 8, 1943, from 10,138 to 10,322 feet in the basal 
sand of the Upper Cretaceous. This test was located as a result of geophysical 
work by the California Company. It is in an area that has long been known to 
be regionally high on the terrace gravels (Willis). The name is from the county 
seat of Lincoln County. 

FLORA OIL FIELD 


The Flora oil field was discovered by the Love Petroleum Company’s J. R. 
Anderson No. 2, Sec. 2, T. 8 N., R. 1 W., Madison County. This test was drilled to 


1 Manuscript received, June 8, 1944. Report of the Mississippi Geological Society nomenclature 
committee, approved by the Society, May 17. 

2 Nomenclature committee: Frederic F. Mellen, chairman; Jack Kennedy, Tom McGlothlin, 
Donald M. Reese, Ray Stevens, Henry N. Toler. 
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4,367 feet and was completed in the Upper Cretaceous “Gas rock” at 4;357- 
4,367 feet on October 5, 1943. This test was located on an old geophysical prospect 
of Union Producing Company, on which several encouraging wells had been 
drilled. The name is taken from Flora, a town on the Y.&M.V. Railroad. 


EUCUTTA OIL FIELD 


The Eucutta oil field was discovered by Gulf Refining Company’s Aden Davis 
No. 1, Sec. 2, T. 9 N., R. 9 W., Wayne County. This test was drilled to 7,100 
feet and completed at 6,666-6,672 feet on October 4, 1943, in the Davis sand of the 
marine Tuscaloosa (Upper Cretaceous). It was located as a result of geophysical 
work by the Gulf Refining Company at a locality which attracted early attention 
because of surface evidences of structure. The name is taken from the community 
of Eucutta, in the vicinity of the discovery well. 


HEIDELBERG OIL FIELD 


The Heidelberg oil field was discovered by the Gulf Refining Company’s 
Helen Morrison No. 1, Sec. 30, T. 1 N., R. 13 E., Jasper County. This test was 
drilled to 6,578 feet and was completed at 4,958-4,968 feet in basal Eutaw (Upper 
Cretaceous) sand on January 27, 1944. It was located as a result of geophysical 
work by the Gulf Refining Company on an area previously leased because of 
surface structure. The name is taken from the town of Heidelberg on the N.O.&N.E. 
Railroad. 

SARDIS CHURCH DOME 


The Sardis Church dome was discovered by the Freeport Sulphur Company’s 
Cecil Bell No. 1, Sec. 29, T. 10 N., R. 9 E., Copiah County. This test was drilled 
to 2,262 feet, encountered cap rock at 1,483 feet, and was completed as dry on 
May 14, 1943. The prospect was located as a result of geophysical work by the 
Sun Oil Company. The name is taken from Sardis Church community, one mile 
south of the discovery well. 


BYRD DOME 


The Byrd dome was discovered by the Gulf Refining Company’s School Land 
A-1, Sec. 16, T. 3 N., R. 7 W., Greene County. This well was drilled to 2,135 
feet, encountered cap rock at 1,625 feet, salt at 2,119 feet, and was completed as 
dry on July 21, 1943. The test was drilled on a geophysical prospect of the Gulf 
Refining Company. The name is taken from Byrd, a station on the abandoned 
G.M.&N. Railroad, 2 miles west of the discovery well. 


LEEDO DOME 


The Leedo dome was discovered by the Gulf Refining Company’s Sarah B. 
Cupit No. 1, Sec. 19, T. 8 N., R. 4 E., Jefferson County. This test was drilled to 
2,071 feet, encountered cap rock at 1,605 feet, salt at 2,065 feet, and completed 
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as dry, June 29, 1943. It was located on a geophysical prospect of the Gulf Re- 
fining Company. The name is taken from the community of Leedo, 13 miles 


southeast of the discovery well. 


PRENTISS DOME 


The Prentiss dome was discovered by the Gulf Refining Company’s R. V. 
Blackman No. 1, Sec. 25, T. 7 N., R. 19 W., Jefferson Davis County, which was 
drilled to 2,686 feet after encountering cap rock at 2,548 feet, and was completed 
as dry, August 8, 1943. This test was located as a result of geophysical work by 
the Gulf Refining-Company. The name is taken from the county seat of Jefferson 
Davis County. 

CARSON DOME 


The Carson dome was discovered by the Gulf Refining Company’s W. J. 
Price No. 1, Sec. 19, T. 7 N., R. 17 W., Jefferson Davis County. This test was 
drilled to 2,538 feet, encountered cap rock at 2,318 feet, and was completed as 
dry, September 4, 1943. This test was located as a result of geophysical work by 
the Gulf Refining Company. The name is taken from the town of Carson on the 
Mississipppi Central Railroad, 2} miles southwest of the discovery well. 


OAKVALE DOME 


The Oakvale dome was discovered by the Sun Oil Company’s Ed Taylor No. 1 
(core test), Sec. 32, T. 6 N., R. 19 W., Jefferson Davis County, which was drilled 
to 1,916 feet, after encountering cap rock at 1,836 feet, and was completed, 
November 6, 1940. This test was located as a result of geophysical work by the 
Sun Oil Company. The name is taken from the town of Oakvale on the G.&S.I. 
Railroad, in Lawrence County, 2 miles west of the discovery well. 


MOSELLE DOME 


The Moselle dome was discovered by the Gulf Refining Company’s S. I. 
Lowrey 1-A, Sec. 31, T. 7 N., R. 13 W., Jones County. This test was drilled to 
2,294 feet, after encountering cap rock at 2,120 feet, and was completed as dry, 
November 3, 1943. The well was located as a result of geophysical work by the 
Gulf Refining Company. The name is taken from the town of Moselle on the 
N.O.&N.E. Railroad, 4 miles southeast of the discovery well. ; 


MONTICELLO DOME 


The Monticello dome was discovered by the Gulf Refining Company’s J. A. 
Cox No, 1, Sec. 35, T. 7 N., R. 10 E., Lawrence County. This test was drilled 
to 2,771 feet, encountered cap rock at 2,253 feet, salt at 2,757 feet, and was 
completed as dry on September 25, 1943. The well was located as a result of geo- 
physical work by the Gulf Refining Company. The name is taken from Monti- 
cello, the county seat of Lawrence County, 3 miles east of the discovery well. 
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RUTH DOME 


The Ruth dome was discovered by the Freeport Sulphur Company’s C. C. 
Clarke No. 2, Sec. 15, T. 5 N., R. 9 E., Lincoln County, which was drilled to 2,710 
feet, encountered cap rock at 2,212 feet, and was completed as dry, July 28, 
1942. This test was located as a result of geophysical work by the California 
Company. The name is taken from Ruth, a station on the N.C.&M. Railroad, 
13 miles southwest of the discovery well. 


LAMPTON DOME 


_ The Lampton dome was discovered by the Gulf Refining Company’s E. H. 
Bradshaw No. 1, Sec. 20, T. 3 N., R. 17 W., Marion County. This test was drilled 
to 1,520 feet, after encountering cap rock at 1,365 feet, and was completed as dry, 
June 25, 1943. It was located as a result of geophysical work by the Gulf Refining 
Company. The name is taken from Lampton, a station on the abandoned G.&S.I. 
Railroad. 

NEW HOME DOME 


The New Home dome was discovered by the Gulf Refining Company’s 
J. F. Dykes No. 1, Sec. 5, T. to N., R. 13 W., Smith County, which was drilled 
to 2,020 feet, after encountering cap rock at 1,832 feet, and was abandoned, Au- 
gust 2, 1943. It was located asa result of geophysical work by the Gulf Refining 
Company. The name is taken from New Home church, 13 miles north of the test 
well. 
BRUINSBURG DOME 


The Bruinsburg dome was discovered by the Freeport Sulphur Company’s 
W. R. Hammett No. 2, Sec. 1, T. 11 N., R. 1 W., Claiborne County. This test was 
drilled to 2,090 feet, after encountering cap rock at 2,055 feet, and salt at 2,065 
feet, and was completed as dry, March 10, 1944. It was located as a result of 
geophysical work by the Sun Oil Company. The name is taken from Bruinsburg, 
a decadent shipping point on the Mississippi River. 


ALLEN DOME 


The Allen dome was discovered by the Sun Oil Company’s Case Lumber Com- 
pany No. 2, Sec. 5, T. 9 N., R. 6 E., Copiah County. This test was drilled to 
2,800 feet, encountered cap rock at 2,447 feet, salt at 2,774 feet, and was com- 
pleted as dry on March 15, 1944. The name is taken from the Allen community. 
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GEOLOGIC DATA FROM THE WAR EFFORT! 


A. RODGER DENISON? 
Tulsa, Oklahoma 


During the past three years the United States Army and Navy and other 
war agencies have constructed a large number of army camps, munition plants, 
air fields, and various and sundry miscellaneous industrial plants. In the course 
of this work it has usually been necessary to locate a near-by water supply. This 
has most commonly been done through the medium of drilling one or more test 
wells in search for water. In some areas, of course, it is only necessary to go less 
than a hundred feet to find an available water supply. More commonly, however, 
it has been necessary to drill wells to several hundred and in some cases to several 
thousand feet in search for these water supplies. 

The prospecting for these water supplies has in many cases been under the 
direction of the United States Army Engineers. Frequently, however, it may be a 
combination of State, federal, and private enterprise. The samples of the material 
drilled are commonly caught and frequently saved from these drill operations. 
Electric logging of the core hole is a rather common practice. Thus, there is de- 
veloped a considerable amount of information concerning the formations which 
are present in the areas of these projects. Such information in many cases will give 
very excellent stratigraphic data and in some cases may even give excellent struc- 
tural information. 

There appears to be a strong possibility that a large part of the information 
thus made available will never reach the hands of those who can make use of such 
information, more particularly the petroleum geologist. This danger arises from 
the great urgency under which the work was done, the large volume of such work, 
and the variable agencies connected with conducting this work. There would then 
appear to be a serious need for the collection and preservation of the water-well 
information at some central source or through some central agency. At present 
there appears to be none which has undertaken this important task. 

The war plants referred to are widely scattered throughout the United States. 
There is hardly any state of the Union wherein some work of this character has 
not been done. Since the great majority of army camps and air fields are in the 
southern half of the United States there is perhaps relatively more information 
available in these states than in others. There would appear to be a very fine op- 
portunity for the State geological surveys to perform an outstanding service to 
their State and to geology by the collection and dissemination of the information 
furnished by this drilling. An outstanding example of the use which can be made 
of this type of information is furnished by two publications of the Mississippi 
State Geological Survey: Bulletin 55, ““Geology and Ground-Water Supply at 


1 Manuscript received, June 8, 1944. 
2 Chief geologist, Amerada Petroleum Corporation. 
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Camp McCain, and Bulletin 56, ‘Geology and Ground-Water Supply at Camp 
Van Dorn.” William Clifford Morse, director of the Mississippi State Geological 
Survey, deserves the thanks and whole-hearted appreciation of all geologists for 
his sponsoring of these two publications. The authors, Glen Francis Brown and 
Robert Wynn Adams of Bulletin 55, and Glen Francis Brown and William 
Franklin Guyton of Bulletin 56, are to be congratulated on the very thorough 
manner in which they have recorded and analyzed the information available from 
this ground-water work. It is hoped that other State surveys may undertake 
the task of collecting and disseminating this type of useful and important 
information while it is still available and before it becomes lost or buried in the 
files of some unknown organization or bureau. 


PETROLIFEROUS IRON ORE OF PENNSYLVANIAN AGE 
IN EASTERN OHIO! 


H. ANDREW IRELAND? 
New Philadelphia, Ohio 


Recent revival of the use of Black Band shale for iron ore in Tuscarawas 
County, eastern Ohio, has resulted in new data and products of interest to the 
oil industry as well as to the iron and steel industry. It is of great significance 
that high-grade silvery gray silicon and alloy steel can be smelted directly from 
the ore without the use of flux or coke, that petroliferous distillates and gas are 
direct products of the operation for steel, and that the ore bed is underlain in 
most places by a commercial coal which is exposed when the ore is stripped or 
mined. The distillates are of major importance to the petroleum geologist and 
technician. A brief discussion of the iron is considered necessary because of its 
close association with the hydrocarbons. Exploitation of the deposit for hydro- 
carbons is urgent now, and after the war, as a supplement to depleted petroleum 
supplies. 

The Black Band iron ore is a laminated almost colloidal black carbonaceous 
shale overlying the Freeport (Ohio No. 7) coal at the base of the Conemaugh 
formation of Pennsylvanian age. On weathered slopes the shale shows as red 
hematitic flakes and small slabs. Despite the high hydrocarbon content petro- 
leum odors are absent. The thickness varies from very thin to 12 feet and it is 
reported to be 20 feet thick in a few places. In the southwestern part of the county 
the shale is 2-9 feet thick and in most of the area the average thickness is about 
4 feet. The Black Band is not present everywhere at the horizon above the No. 7 
coal. In many places the ore horizon is marked by kidney ore, ferruginous lime- 
stone called ‘‘mountain ore,”’ or black, carbonaceous (low-iron or non-ferruginous) 


1 Manuscript received, August 31, 1943. Completed, June 10, 1944. 
2 Formerly with Soil Conservation Service, now with United States Geological Survey, Norman, 
Oklahoma. 
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shale.’ In places the kidney ore and “‘mountain ore” have sufficient iron content 
for smelting, and have been smelted in the past, but not in competition with Lake 
Superior ores. The Black Band is thought to be a bog-ore laid on top of the coal 
in a swamp. In places the calcareous ‘‘mountain ore” is found with the Black 
Band, but everywhere on top, probably representing deeper- clearer-water dep- 
osition. 

The outcrop of the Black Band is generally near the tops of the hills. It is 
restricted almost entirely to Tuscarawas County, Ohio, chiefly in the northeast 
and southwest parts (Fig. 1). Most of the ore lies southwest of New Philadelphia 
and extends a few miles southward into Guernsey County. A few outliers are 
northeast of Tuscarawas County in the southern part of Stark County and the 
western part of Carroll County. Extensive, thick deposits, and probably the best 
ore, occur east of Post Boy near the south border of the county. Black Band is 
reported also near Stillwater in the southeast corner of the county, and near 
Kimbolton in Guernsey County on the south, but little is known about the 
thickness or distribution. In both of these locations, the No. 7 coal is exposed on 
the lower slopes of the hills; consequently, the ore above can not be stripped, but 
must be mined. 

The Black Band iron ore was discovered and worked more than 100 years ago 
by men of the Zoar Community near Zoar Station northeast of New Philadelphia. 
Many of the lock gates of the Ohio Canal, completed in 1833, have iron made by 
them. Such iron is still in excellent shape, oxidized and etched on the surface, but 
solid inside with little of the original dimensions lost after 110 years of exposure. 
Seventy years ago iron ore was stripped and smelted from a bed about one mile 
east of Stone Creek at the Wilhelmi ore bank (now Simmons), and from a bed 3 
miles west of Stone Creek. The deposit at Glasgow, near Port Washington, was 
discovered in 1870. Thomas Baird, a Scotchman, recognized the bed of ore as 
similar to the ore from which the famous Scotch pig iron was made, and he re- 
turned to Scotland, formed a company, and produced 300,000 tons of iron during 
the 5 years the company existed. Ore was mined there until 1900. 

The Black Band ore has peculiar smelting properties and other properties not 
well understood, but by open-pit calcining and then smelting, a superior pig iron 
was obtained, satisfactory for the uses of the period before 1900. It was sufficient 
to know that the iron obtained was harder, more easily worked, and rusted less 
than most other iron produced at that time. It had always been known that com- 
bustible constituents were in the ore and they were used in calcining the early 
ore. Great difficulty was encountered in smelting by modern methods and the 
older methods required too much time and did not produce in sufficient quanti- 
ties to compete with Lake Superior ore. New procedures were developed but none 
proved completely satisfactory and interest lagged because of other competition. 

In the fall of 1943, A. C. Senhauser and R. H. Anderson of Dover, Ohio, dur- 


3 J.S. Newberry, Report of the Geological Survey of Ohio, Vol. III, Pt. I (1878), pp. 72-80. 
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ing a renewal of tests, tried retorting the ore, driving off the volatile matter, and 
then melting the residue for the iron content. This was successful and the produc- 
tion of silvery gray silicon and alloy steel in quantity was assured. Many test 
runs were made with small quantities of a few hundred pounds of ore, and one 
commercial test of several tons was made. The development of an important 
steel product and the valuable by-products from the ore now awaits financial sup- 
port. 

During a late experimental stage of retorting and smelting the ore, the vola- 
tile matter was condensed in an improvised still and valuable distillates recovered. 
The writer had known of the ore bed for several years and had used it and the coal 
seam to map parts of Tuscarawas County. Interest in oil reserves and in the 
favorable combination of steel, petroliferous products, and coal, all available from 
an associated operation, led to a more detailed investigation of the Black Band. 
Insufficient time prevented an exhaustive examination, but the results are re- 


corded here. 
CHEMICAL ANALYSES OF BLACK BAND ORE 


Booth Ore. Bliss Ore. Heston Ore. | Simmons Ore. 
4 Mile E. 3 Miles E. 23 Miles NE. of 134 Miles E. of 
of Booth of Booth Newcomerstown Stone Creek 
Tron 29.00 26.10 30.40 34-40 31.56 
Silica 10.50 8.19 10.47 20.38 £5.05 
Alumina 4.70 7.01 5.02 9.23 8.00 est. 
Sulphur -10 1.20 052 +35 -40 
Phosphorus 26 -16 .80 
Calcium oxide 4.30 -96 -10 1.00 est. 
Magnesium oxide 1.70 1.05 a7 .50 est. 1.00 est. 
Manganese oxide -40 30 est 
Volatile 36.70 42.28 37-73 20.60 28.00 est. 
Fixed carbon 12.50 25.19 13.2 15.00 est. 12.00 est. 


The silica content is exceptionally high, and, in combination with the fixed 
carbon remaining after the retorting process, an alloyed silicon-steel results when 
the residue of the ore is melted. Fixed carbon serving as a substitute for coke 
makes this method of steel production successful. Steel can be poured directly into 
molds and machining of such casts can be done as soon as they cool. Many ma- 
chinists have remarked about the exceptional quality of the steel, even before 
they knew of its origin. Chemical and spectroscopic analysis of the casts show 
vanadium, chromium, nickel, titanium, boron, cobalt, molybdenum, and man- 
ganese in quantities sufficient to make valuable alloys. 

Tests by R. H. Anderson show the following products per ton of ore. 


600-800 pounds of steel 

6000 cubic feet of methane and ethane 

5-7 gallons of naphtha, light oils, and other distillates 
4-6 gallons of creosote and tar 

3 gallons of ammonia water 
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The following data are approximate and are given only for general information 
regarding the constituents of the volatile matter. At present, detailed analyses for 
publication are not available. 


Temperature Product Percentage 
Below 100° C. Methane and ethane 
100-175° C. Benzol, gasoline, naphtha § -750- .845 60-35 
175-225° C. Kerosene and gas oils 45 .845- .gIo 35-25 
225-275° C. Light lubricating oils, carbolic oils, 
naphthalene 15 -QIo— .985 25-10 
Above 275°C. Creosote, anthracene, tar,andresiduum 35 .985-1.000 Below 10 


Normally, the cost of shale distillation prevents the development of low- 
grade oil shale in competition with crude petroleum. During war conditions, the 
need for hydrocarbons may justify the higher cost. However, the Black Band is a 
deposit which justifies peace-time development because the market value of the 
special grade of steel and the low cost of production will pay for the cost of opera- 
tion to recover the distillates. The value of the distillates, excepting for the capital 
cost of installing apparatus for condensing the vapors, is clear profit, because the 
operation for the expulsion of the volatile constituents is necessary for the iron 
smelting. The same stripping operation and transportation from the source to 
the plant serve for the double product. In addition, the operations for iron and 
distillates are enhanced by the value of the No. 7 coal at the base of the ore, be- 
cause the coal is uncovered and available when the ore is removed. 

The Freeport (No. 7) coal is a fairly good coal with an approximate analysis 
of carbon 45 per cent, ash 15 per cent, volatile matter 35 per cent, and a B.T.U. 
of 11,600. The coal averages 2 feet thick in Tuscarawas County and is mined con- 
siderably in the east and southeast parts where the thickness is 3—5 feet. The coal 
is rarely more than 3 feet thick in areas where overlain by the Black Band. 

The coal can be used as fuel for driving off the volatile constituents of the 
Black Band ore, but in local areas where the No. 7 is impure, the excellent No. 6 
coal, about 100 feet Jower, is available. However, the natural gas in the volatile 
constituents of the ore can be used more economically for the volatilization proc- 
ess since the gas is a by-product of that process. An electric furnace has been 
found best for reducing the ore residue to steel. 

The Black Band in the southwest part of Tuscarawas County occurs on hill- 
tops in beds 2—9 feet thick at about 1,100 feet elevation within an area of at 
least 90 square miles. The planimetered area above 1,100 feet is about 18 square 
miles. By using 4 feet as an average thickness of the Black Band, about 75 mil- 
lion cubic yards of ore (weight of ore 180 pounds per cubic foot) are estimated, 
giving about 180 million tons of ore. This amount would make about 60 million 
tons of steel, 1,080 billion cubic feet of gas, and 35 million barrels of distillate. 
Most of this ore, except that west of Stone Creek and a few other areas with high 
elevations, would require less than 50 feet of stripping and much of it less than 35 
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feet of stripping. Stripping costs are estimated on the basis that one inch of coal 
will pay for the removal of one foot of overburden. Thus, an average of 2 feet of 
No. 7 coal would justify about half the cost of stripping 50 feet. The amount of 
No. 7 coal is estimated at 30-35 million tons. 

The Black Band ore available northeast of New Philadelphia is estimated to 
be about one-third of that southwest of New Philadelphia. Ore too deep for strip- 
ping in the southeast part of the county, south of Uhrichsville, is estimated at 
less than 20 million tons. A conservative estimate of the total amount of Black 
Band ore in Tuscarawas County and adjacent areas is about 260 million tons. 
This would give about 85 million tons of steel, 1,560 billion cubic feet of gas, and 
50 million barrels of distillate. About 60 per cent of the ore may be easily and 
cheaply secured by stripping. If these estimates are proved to be too high and a 
large amount of the ore is proved to be too difficult and too costly to mine, half 
of these estimates would still be large figures and significant reserves of iron, coal, 
and oil supplies. 

The market value of this high-quality steel and the low cost of production 
would easily pay for the production costs of all products and still leave a margin 
of profit, according to the best figures available. The income from gas and dis- 
tillates and coal would be clear profit. The production of gas and distillates from 
a low-grade shale with only 10-12 gallons of oil per ton would be justified under 
these circumstances and provide additional hydrocarbons for present uses. The 
distillates can substitute as basic raw material for products that require petro- 
leum at present, and release petroleum to supply constituents not otherwise avail- 
able. 
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* Subjects indicated by asterisk are in the Association library, and are available, for loan, to 
members and associates. 


RECENT PUBLICATIONS 


ALABAMA-MISSISSIPPI 


*“More Discoveries Indicated for Alabama-Mississippi,’ by Don L. Carroll. Oil 
Weekly, Vol. 113, No. 13 (Houston, May 29, 1944), pp. 44-50; map, section, and strati- 


graphic table. 
ARKANSAS 


*“A Study of the Smackover Limestone Formation and the Reservoir Behavior of Its 
Oil and Condensate Pools,” by W. A. Bruce. Petrol. Tech., Vol. 7, No. 3 (New York, May, 
1944). 32 pp., 17 figs. A.J.M.E. Tech. Pub. 1728. 


CALIFORNIA 


*“Newhall-Potrero, Aliso Canyon, Del Valle, and Oak Canyon Oil Fields,” by F. C. 
Hodges and E. R. Murray-Aaron. California Oil Fields, Vol. 29, No. 1 (San Francisco, 
January-June, 1943, published, 1944), pp. 5-29; 11 pls. 


COLORADO 


*“Late Paleozoic Stratigraphy, West-Central and Northwestern Colorado,” by Ken- 
neth G. Brill, Jr. Bull. Geol. Soc. America, Vol. 55, No. 5 (New York, May, 1944), pp. 621- 
56; 2 pls., 6 figs. 

GENERAL 

*“Carboniferous and Permian Ctenostomatous Bryozoa,” by G. E. Condra and M. K. 
Elias. Bull. Geol. Soc. America, Vol. 55, No. 5 (New York, May, 1944), pp. 517-68; 
13 pls. 

*“Correlation of the Marine Cenozoic Formations of Western North America,” by 
the Western Cenozoic Subcommittee, Charles E. Weaver, chairman. Jbid., pp. 569-98; 
1 pl. 

Index Fossils of North America, by Hervey W. Shimer and Robert R. Shrock. A revision 
of Grabau and Shimer’s North American Index Fossils published in 1915. 837 pp., more 
than 9,400 illus. on 303 full-page pls. 7,500 species described and figured. Page size, 
7.5 X10.75 inches. Cloth. John Wiley and Sons, Inc., 440 Fourth Avenue, New York 16, 
N. Y. Price, $20. 

*“Geometrical Orientation of Cores,” by Philip Subkow. Oil and Gas Jour., Vol. 43, 
No. 5 (Tulsa, June 10, 1944), pp. 79-88; 7 figs. 

“Bibliography of North American Geology, 1929-39,” by E. M. Thom. U. S. Geol. 
Survey Bull. 937 (1944). Pt. 1, pp. 1-1063; Pt. 2, pp. 1065-1546. Consolidation of material 
printed in Bulletins 834, 858, 869, and 892, covering the years 1929-36, and of the biblio- 
graphic material for 1937, 1938, and 1939, which had not been published in a separate 
volume. Order from Supt. Documents, Govt. Printing Office, Washington, D. C. Price, 
Pts. 1 and 2 in one buckram-bound volume, $2.50. 


MISSISSIPPI 


-*“Mississippi Oil Development,” by William Clifford Morse. Mississippi Oil Review, 
Vol. 7, No. 38 (Jackson, May 16, 1944), pp. 1, 2, 7. 
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TEXAS 


*“Waters from the Frio Formation, Texas Gulf Coast,’ by F. W. Jessen and F. W. 


Rolshausen. Petrol. Tech., Vol. 7, No. 3 (New York, May, 1944). 16 pp., 12 figs. A.J.M.E. 
Tech. Pub. 1729. 

*“\ Miocene Invertebrate Fauna from Burkeville, Newton County, Texas,” by H. B. 
Stenzel and F. E. Turner. Amer. Jour. Sci., Vol. 242, No. 6 (New Haven, Connecticut, 
June, 1944), pp. 289-308; 1 fig., x pl. 

TRINIDAD 


*“Orientated Hand Coring in Geological Field Work,” by K. Rohr. Jour. Inst. 
Petroleum, Vol. 30, No. 244 (London, April, 1944), pp. 79-89; 8 figs. 


WYOMING 


““Geologic Map and Sections of Lance Creek Oil and Gas Field and Vicinity, Niobrara 
County, Wyoming,” by W. B. Kramer, C. E. Dobbin, and Robert McMillan. U. S. Geol. 
Survey (June, 1944). Scale, 1 inch =1 mile. For sale by Director, U. S. Geological Survey, 
Washington, D. C. Price, $0.50. 

“Subsurface Geologic Structure Map of the Lost Soldier Oil Field, Sweetwater County, 
Wyoming,” by E. A. Swedenborg. U. S. Geol. Survey (June, 1944). Free distribution by 
Director, U. S. Geological Survey, Washington 25, D. C.; and by the offices of the Survey 
at 414 Denham Building, Denver, Colorado, and 305 Federal Building, Casper, Wyoming. 

“Geologic Structure Map of Wertz Dome, Carbon and Sweetwater Counties, Wy- 
oming,” by E. A. Swedenborg. Shows field development as of April 22, 1944, and includes 
columnar section of rocks, ranging from Cretaceous to pre-Cambrian, as described in 
U. S. Geol. Survey Bull. 756 and Bull. 796-D. A few copies of map available from the 
Director, U. S. Geological Survey, Washington, D. C.; Room 416, Denham Building, 
Denver, Colorado; Room 305, Federal Building, Casper, Wyoming. 


ASSOCIATION DIVISION OF PALEONTOLOGY AND MINERALOGY 


*Journal of Paleontology (Tulsa, Oklahoma), Vol. 18, No. 3 (May, 1944) 

“Upper Cambrian Trilobites from the Levis Conglomerate,” by Franco Rasetti 
“New Tabulate Corals from the Pennsylvanian of Texas,” by John W. Wells 

“The Hull Bryozoan Escharopora hogbeni,”’ by Madeleine A. Fritz 

“A Rhinoceros Tooth from the Clarno Eocene of Oregon,” by R. A. Stirton 
“‘Halysites gracilis from the Ordovician of Manitoba,” by E. I. Leith 

“An Amebelodon from Malheur County, Oregon,” by John A. Wilson 

“‘Proloculus in Foraminifera,” by Hubert G. Schenck 

“South American and European Species of Spondylospira,” by H. E. Vokes and Otto 


“Check List of the Fossil Reptiles of New Jersey,” by William F. Rapp, Jr. 
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GEOLOGIC NAMES AND CORRELATIONS COMMITTEE 
Joun G. Bartram (1945), chairman, Stanolind Oil and Gas Company, Tulsa, Oklahoma 


1945 1946 1947 
Rosert I. DICKEY Gorpon I. ATWATER Stuart K. CLarK 
D. MISER A. GREEN Roy T. Hazzarp 
RaymonD C. Moore Ratpu W. ImMiay W. J. HitsEweck 
Norman L. THomMAs Horace D. Toomas Wayne V. JONES 

C. W. ToMLINSsON W. ARMSTRONG PRICE 


SUB-COMMITTEE ON CARBONIFEROUS 
M. G. CHENEY (1945), chairman, Coleman, Texas 


Rosert H. Dott Raymonp C. Moore C. W. Tomiinson 
Horace D. THomas 


SUB-COMMITTEE ON POST-CRETACEOUS 
W. ARMSTRONG PRICE (1947), chairman, Box 1860, Corpus Christi, Texas 


Henry V. Howe B. W. BLANPIED Gorpon I. ATWATER 
Wayne V. JONEs F. STEARNS MACNEIL Tuomas L. BaAILEy 
Tom McGLoratin E. A. Murcuison, JR. Marcus A. HANNA 


S. Morey 


SUB-COMMITTEE ON MESOZOIC 
Ratpu W. Imtay (1946), chairman, U. S. Geological Survey, Washington, D. C. 


C. I. ALEXANDER Purp S. Morey G. D. THomas 
C. E. Dossin Henry J. Morcan Norman L. THomas 
L. R. GayLE Scott 


COMMITTEE ON APPLICATIONS OF GEOLOGY 
PauL WEAVER (1947), chairman, Gulf Oil Corporation, Houston, Texas 


1945 1946 1947 
M. M. LEIcHTON R. M. BARNES 
J. Brian Esy 
H. S. McQueen 


R. A. STEINMAYER 


MEDAL AWARD COMMITTEE 


A. RopcGER DENISON, chairman, Amerada Petroleum Corporation, Tulsa, Oklahoma 
Donatp D. HucuEs, ex officio, president of S.E.P.M. 
WitraM M. Rust, Jr., ex officio, president of S.E.G. 


1945 1946 1947 
G. CLarkK GESTER Frank R. CLARK H. B. Fuqua 
DarsiE A. GREEN Raymonp F. BAKER THORNTON Davis 


WALLACE C. THOMPSON James A. MACDONELL Hucs D. MIsER 
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NATIONAL SERVICE COMMITTEE 
KENNETH C. HEALD, chairman, The Gulf Companies, Box 1166, Pittsburgh, Pennsylvania 


Fritz L. AuRIN Joun O. GALLOwAy Epwarp A. KoESTER 
A. E. BRAINERD M. Gorpon GULLEY Morris M. LEIGHTON 
GEORGE M. CUNNINGHAM W. Dow Hamu Part F. Martyn 
THORNTON Davis WintHrop P. HAyNEs Dean A. McGEE 
Ronatp K. DEForp W. B. Heroy CLARENCE L. Moopy 
A. RopGER DENISON W. Hoots 


DISTINGUISHED LECTURE COMMITTEE 
Joun L. Fercuson, chairman, Amerada Petroleum Corporation, Tulsa, Oklahoma 
Joun W. INKSTER W. J. HItsEwEcK Frep H. Moore 


COMMITTEE ON SOUTH AMERICAN GEOLOGY 
A. I. LEvorsEN, chairman, 221 Woodward Boulevard, Tulsa, Oklahoma 


COMMITTEE ON CODE OF ETHICS 
C. W. Tomirnson, chairman, 509 Simpson Building, Ardmore, Oklahoma 
RAyMOND F. BAKER Orvat L. BRACE Haroip W. Hoots T. S. Harrison 


COMMITTEE ON METHOD OF ELECTION OF OFFICERS 
Joun G. Bartram, chairman, Stanolind Oil and Gas Company, Tulsa, Oklahoma 


RoNnALD K. DEForD Joun S. Ivy C. L. Moopy 
W. Dow Hamu D. MIsER Eart B. 


MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the following 
candidates for membership in the Association. This does not constitute an election but 
places the names before the membership at large. If any member has information bearing 
on the qualifications of these nominees, he should send it promptly to the Executive Com- 
mittee, Box 979, Tulsa 1, Oklahoma. (Names of sponsors are placed beneath the name of 


each nominee.) 
FOR ACTIVE MEMBERSHIP 


Ebert Moye Baxter, New Orleans, La. 
G. W. Schneider, Harry X. Bay, B. E. Bremer 


Albert Daniel Dunlap, Houston, Tex. 

T. I. Harkins, George I. McFerron, R. S. Jackson 
Frederic Harrison Edmunds, Saskatoon, Sask., Canada 

John A. Allan, J. C. Sproule, J. O. G. Sanderson 


Harold Lorenz Geis, Houston, Tex. 
Leslie Bowling, J. David Hedley, William B. Moore 


Judson Roy Griffin, Mount Pleasant, Mich. 
C. B. Claypool, J. A. Culbertson, H. C. Spoor, Jr. 


Walter David Keller, Columbia, Mo. 
J. M. Clark, E. B. Branson, M. G. Mehl 


Robert Emmett Murphy, Albuquerque, N. Mex. 
Parry Reiche, E. W. Kimball, Paul F. Osborne 


FOR ASSOCIATE MEMBERSHIP 


Lucille Allen, Calgary, Alta., Canada 
J. M. Kirby, Warren O. Thompson, G. M. Furnival 
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John Douglas Brawner, Jr., Golden, Colo. 

H. E. Christensen, Clark Goodman, H. A. Stewart 
Walter William Doeringsfeld, Jr., Mishawaka, Ind. 

R. L. Belknap, Lewis B. Kellum, semua K. Landes 
Jesse James Howard, Valley Mills, Tex. Z 

F. L. Whitney, Hal P. Bybee, E. HL. Sellards 
Fawzi Iskander, Cairo, Egypt 

H. W. Haight, William E. Wallis, Edward J. Foley 
Opal Marie Lackie, Los Angeles; Calif. 

Robert W. Lange, Downs McCloskey, E. K. Soper 
Ruth Hope Young Lebow, Los Angeles, Calif. 

J. Charles Miiler, H. W. Hoots, Carey Croneis 
Virginia Marcelle Mousley, Shawnee, Okla. 

Allen W. Tillotson, A. M. Meyer, Roy D. McAninch 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


Wilbert Chalmer Dennis, El Dorado, Ark. 

Roy T. Hazzard, E. D. Klinger, Wayne C. Rauch 
Jane Ferrell, Midland, Tex. 

Fred H. Wilcox, Ronald K. DeFord, H. A. Hemphill 
J. F. Gallie, El Dorado, Ark. 

Perry Olcott, E. E. Rosaire, A. L. Smith 
Richard Holmes Hopkins, Pittsburgh, Pa. 

E. A. Eckhardt, R. W. Clark, C. H. Dresbach 
James Lynn Morris, Fort Worth, Tex. 

Lynn K. Lee, J. B. Lovejoy, John H. Wilson 
S. Spencer Nye, Washington, D. C. 

Arthur A. Baker, Hugh D. Miser, A. Nelson Sayre 


ADDITIONAL MEMBERSHIP APPLICATIONS APPROVED 


FOR ACTIVE MEMBERSHIP 


Robert Wilbur Crume, Houston, Tex. 
John C. Miller, George H. Clark, W. W. Patrick 


FOR ASSOCIATE MEMBERSHIP 
Porter A. Montgomery, Jr., Amarillo, Tex. 
P. A. Grant, Walter G. Moxey, Everett W. — 


Albert Wayne Musgrave, ‘Golden, Colo. 
Dart Wantland, C. A. Heiland, F. M. Van Tuyl 


FOR TRANSFER TO ACTIVE MEMBERSHIF 
Hubert Masters Bristol, Marshall, Ill. 
R. G. Kurtz, C. W. Donnelly, P. M. Konkel 
William Gilmore Parker, Houston, Tex. 
Marcus A. Hanna, William B. Milton, Jr., W. J. Osterhoudt 
Richard Hamell Pence, Lynwood, Calif. 
Walker S. Clute, Edmund J. Bartosh, J. R. Pemberton 


(Continued on page 1076) 
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HARRY FAVILL WRIGHT 
(1888-1944) 


The passing of Harry Favill Wright, one of that early group of geologists who organized 
the Southwestern Association of Petroleum Geologists which became the American As- 


BLANK & ¢ 


Harry FAvitt WriGHT 


sociation of Petroleum Geologists, and also a charter member of the Tulsa Geological 
Society, came as a great shock to all members, most of whom were not aware of his illness. 
His death occurred at Tulsa, Oklahoma, on April 15, 1944, at the age of 55 years. He had 
been in failing health for many months, but he was able to come to his office regularly until 
early in March, when a rapid decline set in. 
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Harry was born in Madison, Wisconsin, on September 11, 1888. He attended grade 
schools in Madison and went on to Iowa State College at Ames, Iowa. He graduated there 
in 1912, with the degree of Bachelor of Science in Mining Engineering. 

His first geological work was with a United States Geological Survey party under 
Max Pishel. Coming to Oklahoma in 1914, he was employed by the Gypsy Oil Company, 
whose geological department was headed by M. J. Munn. Harry assisted in the organiza- 
tion and direction of that pioneer group of field geologists. He remained with the Gypsy 
until January 1917, when he resigned to become associated with Earl Oliver in the Muir 
Oil Company of Tulsa. Later in the year he attended Officer’s Training Camp for a time, 
but was given a medical discharge. 

Returning to Tulsa, Wright again became associated with M. J. Munn in consulting 
geological work. Out of this partnership grew the Riverland Company, the staff of which 
was enlarged to include several former Gypsy Oil Company geologists returning from 
World War I. 

In the early 1920’s, Harry turned his attention to the valuation and appraisal of oil 
and gas properties and became a recognized authority in this important field. He published 
many papers on the subject and taught it in the Tulsa University Downtown College. He 
served as consulting geologist and appraisal engineer for many oil concerns, notably the 
Sand Springs Home interests. At the time of his death, he was a member of the National 
Petroleum Engineering Company, an oil and gas valuation and appraisal firm in Tulsa. 

In 1917 Harry married a classmate of his college days, Miss Mattie Bolton of Fairfax, 
Oklahoma, who survives him. He also leaves a son, James M. Wright, who graduated in 
chemical engineering at Tulsa University and is now a research chemist and instructor at 
Iowa State College. 

Harry was a member of the American Association of Petroleum Geologists; he was 
co-chairman of the research committee’s sub-committee for reserves, at the Dallas meeting 
in March. He was also a member of the American Institute of Mining and Metallurgical 
Engineers, the Oklahoma Society of Professional Engineers, the Engineers Club of Tulsa, 
and the American Petroleum Institute. His college fraternities were Delta Upsilon and 
Tau Beta Pi. These memberships bear evidence of his active life and show the esteem in 
which he was held. 

Harry Wright had a dignified and even distinguished appearance, but he had a friendly, 
sunny disposition. We have lost a valued friend and associate; we shall miss his cheerful 
companionship. 

WALTER J. ALLEN 
H. M. Scorr 
TuLsa, OKLAHOMA 
June 7, 1944 


LOVIC PIERCE GARRETT 
(1880-1943) 


Lovic Pierce Garrett, vice-president of the Gulf Oil Corporation and of the Gulf Re- 
fining Company, and past-president of the American Association of Petroleum Geologists, 
died on December 13, 1943, at his home in Houston, Texas. j 

Mr. Garrett was born at LaGrange, Georgia, on October 27, 1880. When he was a boy 
of twelve his family moved to Texas and settled at DeLeon in Comanche County. After 
graduating from the DeLeon High School, he attended the University of Texas (1899- 
1902) and studied geology. He became a member of the geological staff of the Rio Bravo 
Oil Company (Southern Pacific) under the great pioneer geologist of the Southwest, E. T. 
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; Dumble, and worked on the stratigraphy of the Gulf Coast Tertiary formations and the oil 
fields on the Gulf Coast which were found after Spindletop, thereby becoming familiar 
with the characteristics of Gulf Coast salt domes. 

F In 1908, he became the first geologist employed by the J. M. Guffey Petroleum Com- 
B pany, predecessor to the Gulf Oil Corporation, and engaged in an extensive campaign in 
© search for domes. Where the area was devoid of outcrops, he carried out a systematic in- 


Lovic PrERcE GARRETT 


vestigation of gas seeps, topographic features, and hydrogen sulphide a and was 
successful in finding a number of domes. 

As the company’s operations were extended into North Louisiana, Chetan, and old 
j Mexico, his investigations broadened, and by 1912 he was adviser to the executive de- 
j partment of the company. In all of the expanding activities, he adapted the methods to the 
j geology of each area, utilizing surface mapping of outcrops, examination of well samples, 
as well as the prospecting campaign which he had found suitable to the Gulf Coast—the 
: study of gas escapes, topography, and surface and well waters. 
i His outstanding position in the field of economic geology was recognized by his fellow 
geologists in his election to the presidency of the American Association of Petroleum 


Geologists in 1931, at the meeting in San Antonio. 
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In 1924, he added to the prospecting methods employed by the company, by engaging 
torsion-balance and seismograph parties, which he recognized as the most suitable geo- 
physical instruments to search for salt domes in the Gulf Coast. By suitable selection of 
the plan of operations, he was so successful that the Gulf’s discoveries of new domes were 
greater than any competitor’s. He also recognized the possibilities in the use of geophysical 
methods in problems other than the discovery of salt domes, and he was a pioneer in the 
application of these methods outside the Gulf Coast. His contribution to the success of 
geophysical operations in the search for oi] was recognized by his election by the Society 
of Exploration Geophysicists to honorary membership. 

As a result of the lands which were leased on the basis of his campaign, the Gulf is 
prominent in many of the important fields which have been discovered since geophysical 
work began. From his administration of geological and geophysical campaigns, there re- 
sulted improvements in methods and additions to knowledge through experimental use of 
new surveys. 

BEN C. BELT 


PauL WEAVER 
Houston, TEXAS 


June 7, 1944 


WILLEM A. J. M. VAN WATERSCHOOT VAN DER GRACHT 
(1873-1943) 


In early September of 1943, the London Bureau of the Associated Press reported the 
death of Dr. Wiilem A. J. M. van Waterschoot van der Gracht at Roermond, which is 
situated almost at the southern tip of the Netherlands. Later information has established 
the exact date as August 12. The immediate cause was a severe heart attack which occurred 
three days earlier. Dr. van der Gracht had not been in robust health since early April. 

At the time of his death, Dr. van der Gracht was in his 7oth year. His span of three 
score and ten years was filled with effort, adventure, and accomplishment. The many who 
knew him well and who profited so greatly from personal association with him will feel a 
deep sense of loss at the passing of a wise counsellor, a loyal friend, and a lovable com- 
panion. Sober reflection will, however, bring to personal friends, as well as to those who 
knew him only through his writings, the realization that the ending of his earthly passage 
marks the end of only one phase of his influence on the progress of the Science of Geology. 
The beneficent impress of his unusually stimulating personality and achievements will be 
deeply graved upon the, as yet, unwritten pages of the science to which he gave the last 
full measure of passionate devotion. His life was an almost perfect joining together of 
clear observation, critical analysis, orderly imagination, and unflagging enthusiasm. As a 
result, his career achieved a degree of productiveness which was little short of astounding. 

Dr. van der Gracht was born in Amsterdam, Holland, May 15, 1873. He received the 
degree of Doctor at Law from Amsterdam University in 1899, and the degree of Mining 
Engineer from the University of Freiberg in 1903. He also attended Stonyhurst College 
in England. The honorary degree of Doctor of Science was conferred upon him by the 
Colorado School of Mines in 1924. 

Early in his career, he became director of the Geological Service of the Netherlands, 
which position he held from 1905 to 1917. During that period he was a member and secre- 
tary of the Netherlands Bureau of Mines Council. He was also a consulting mining engi- 
neer, engaging in explorations in the East Indies, Africa, South America, Russia, Roumania, 
Belgium, Portugal, Spain, Germany, England, and Canada. In 1913-1914 he was adviser 
for the Netherlands Colonial Government Expedition in the Dutch East Indies. 

Dr. van der Gracht came to the United States in 1917 as president of the Roxana 
Petroleum Company, a producing subsidiary of the Royal Dutch Shell interests, which po- 
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sition he retained until 1922, in which year he accepted a position as vice-president of the 
Marland Oil Company of Delaware. This last post he retained until 1928, and in addition, 
was president of the Marland Oil Company of Texas until 1926 and, from 1926 to 1928, 
was director of research for the entire Marland organization. It was during these years 


Th. Luntin, Aachen 
W. A. J. M. vAN WATERSCHOOT VAN DER GRACHT 


with the Marland organization that Dr. van der Gracht became interested in, and worked 
on, the stratigraphic problems of the Permian Salt Basin in West Texas and New Mexico. 

Shortly after severing his connection with the Marland Oil Company, Dr. van der 
Gracht returned to his native Netherlands where he devoted his time to the preparation of 
several manuscripts, and also engaged in some consulting practice for groups of capital 
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exploring for coal and oil in western Europe. In 1932 he was appointed director of the 
Netherlands Bureau of Mines, which position he held until his retirement in 1940. 

Dr. van der Gracht’s interests in geology covered a broad scope as was shown not only 
in the responsible positions which he held both abroad and in the United States, but also 
in his extensive writings. Several of his articles have, in past years, appeared in the Bulle- 
tin. Outstanding among his published works is ‘The Problem of Continental Drift” read 
at the Association’s mid-year meeting in New York, November, 1926, when he led a 
symposium on the subject. : 

His interest in petroleum geology dates back many years. He was one of the original 
members of the Association which was organized in 1917. His articles on the subsurface 
geology of the Netherlands, the salt domes of northwestern Europe, the North Sea Basin, 
the occurrence and production of petroleum in Germany, the Permo-Carboniferous orog- 
eny in the United States, the salt domes of the Gulf Coast of Texas and Louisiana, Car- 
boniferous floras of the United States and western Europe, and the geology of the Dutch 
East Indies are a few among many of his scientific contributions that made him one who 
has given distinguished service to petroleum geology. 

His writings in several languages show him to have been an exceptional linguist in 
Dutch, English, German, French, and Latin. In relating his experiences on an exploratory 
trip into the Russian hinterland, he once told of several visits which he had with a Greek 
Catholic priest—the only literate resident of a remote community. Van der Gracht neither 
spoke nor understood Russian, and the padre neither spoke nor understood any of the 
modern languages with which van der Gracht was acquainted. They both were proficient 
in the use of classical Latin, however, and spent several interesting evenings together con- 
versing in that so-called “dead language.” 

His scientific research was not confined to one country or one continent; he was a 
member of the geological societies of America, Netherlands, London, France, Belgium, 
Germany, and Austria, the American Association for the Advancement of Science, the 
International Geological Congress, the Royal Academy of Amsterdam, the International 
Drilling Association, the American Institute of Mining and Metallurgical Engineers, and 
many other technical societies. On April 25, 1936, he was elected a member of the Royal 
Academy of Sciences in the Netherlands and this was confirmed by royal decree on May 
15. Its membership is limited to 50 in that country. 

Retirement did not serve to minimize, in any way, his continuing interest in, and en- 
thusiasm for, the science to which he devoted his life. In a letter dated April 15, 1941, he 
wrote as follows. 

Since I gave up the direction of the Mining Service (two years over the age limit, on special re- 
quest to continue for a while), I have established myself here in Bergen, a very nice village on the 
North Sea. Here the war caught me, practically on the front line, but so far we are unscathed, al- 
though from time to time we are in the noise. Although “retired” I am far from unemployed, that 
scarcely being my nature. I accepted a seat on the Board of our largest private Bank and the presi- 
dency of the Geological Foundation, a semi-official institute, publishing the (now nearly finished) 
geological map of the Netherlands, and maintaining an office of international reputation in the mining 
district in Limburg. I am also a member of the official Mining Council, and I have accepted the direc- 
tion of the International Office for the preservation of Nature, after it was moved from Brussels to 
Amsterdam on account of war conditions. Its activities, naturally, are rather dormant under present 
conditions, but its large libraries and documentation have to be kept alive and as safe as circumstances 

rmit. 
a My main job at present is, however, a renewed geological investigation of the subsurface of the 
Netherlands. A great many young geologists are caught here by the war and cannot join either their 
existing jobs abroad, or find employment. Ample funds have been put at my disposal, and I have some 
50 chiefly younger geologists at work, under the direction of three assistants of riper experience. I am 
very glad to have this opportunity to finish the work which I started in 1904 and had to interrupt in 
1915, but which I can now resume and complete according to new methods. 

Funds for a complete publication of the results of the new work have been promised to the 
Geological Foundation: the symposium will probably fill three volumes of structural, sedimentary and 
paleontological papers, chiefly to be written by the men who are appointed to the various projects. 
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It promises to become an important step forward of the geological knowledge of this side of Europe. 
We now know that a very varied and structurally complex subsurface underlies Quaternary wash of 
enormous thickness. 

So you see, I am not yet “resting.” I feel too lively for that, and consider this my war-service. 
I keep out of politics at my age, and leave that to the younger generation, who will have to build up 
their future life and that of their country. I see my “bit” in finishing this scientific job and serving my 
country and humanity in that way. 


‘ The following excerpt is from a letter which Dr. van der Gracht wrote on September 
26, 1941. 


Scientific work keeps me in reasonably good cheer and detracts one’s mind from too many de- 
pressing thoughts. Food gets very scarce, but an old man does not need much; yet one thinks with 
considerable regret of the fare that we used to give to our drilling crews in the oilfield camps! Would 
not it be nice to have that just for one day? 

With the greatest interest I saw from your letter that you are again preparing some splendid 
books by Levorsen and by Trask and that the new Bulletin will devote itself to a most interesting 
symposium on ‘Possible Future Oil Provinces in the United States.” I was actively engaged on a 
similar task here in Europe (not a book but actual search), when the war cut this work short. In part 
it is still proceeding, but I am practically cut off from it here behind our barbed wires. If one is getting 
older, every year lost so needlessly is to be regretted. These continuous wars do not exactly help 
culture and science, but only the mest refined scientific way of killing people in the greatest possible 
numbers. Nice isn’t it! Nobody can say that there is no efficiency in THAT line! 

This letter gave rise to some speculation as to whether or not Dr. van der Gracht may 
have been confined to a Nazi concentration camp during the closing months of his life. The 
reference to barbed wire, however, was purely allegorical and informed sources are au- 
thority for the advice that no information is at hand which indicates, in any way, that 
Dr. van der Gracht was ever in a concentration camp. 

Whatever may have been his situation during the last weeks of his life, it is certain 
that he shared, for more than three years, the vicissitudes and privations which have been 
the common lot of nationals in countries occupied by the Nazis. These circumstances, 
however, will not serve to dim in the slightest the brilliance of his accomplishments or to 
lessen, by even one small fraction, the dynamic impact of his life and personality upon 
geologic posterity. His was a career as fruitful and significant as any which has been carved 
out of the science of geology, and yet he bore his well deserved honors with modest dignity. 

Deeply religious, intensely patriotic, and steadfastly loyal to his traditions, Dr. van 
der Gracht was still—or, more probably, as a result—one of the most truly cosmopolitan 
personalities of his generation. His keen intelligence, his breadth of vision and the clarity 
of his perspectives lifted him, through no conscious effort of his own, far above the limita- 
tions of nationalism, creed, or contention. Without realizing it himself, he emerged from 
the chrysalis of his background and experience to become the fulfillment of Thomas Paine’s 
ideal credo, “The world is my country, all mankind are my brethren, to do good is my 
religion, I believe in one God and no more.” 

Dr. van der Gracht had a passion for encouraging men to rise above all pettiness and 
to realize, in actual daily living, their highest potentialities. He loathed war with all his 
being, and viewed it in broad historical perspective. One of his letters carries this state- 


ment, 

The destruction, the hate, and the decadence of this horrible war are not going to amend the world. 
Too much scum is brought to the surface which engulfs the best. It will take more than a generation 
to unscramble the stinking mess. 

And still with his beloved homeland overrun, with food and comfort at the bare sub- 
sistence level, his transcendent integrity, unselfishness, and loyalty to high ideals led him 
to a decision which he reported thus: 


I am declining the proposal that I come to South America to work for the governments of Brazil and 
Chile. I cannot desert the scientific work that I am doing for my country now and to which I am 
pledged, nor the privilege of helping some 50 young scientists to secure board and lodging and con- 
siderably advanced scientific knowledge. 
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Dr. van der Gracht is survived by his widow, one daughter, Marie-Gisele, and two 
sons, Ides and Arthur. Mrs. van der Gracht and Marie-Gisele, who is an artist of some 
note, are residing at Roermond and are enjoying reasonably good health. Ides and Arthur 
are resident in the United States. Grateful acknowledgment is made of their whole-hearted 
codperation in supplying much of the material for this memorial. Ides is presently a 
Major in the Army Air Forces and has already performed one tour of active duty in the 
Mediterranean Theatre. In private life, he is senior member of the firm of van der Gracht 
and Kilham, Architects, in New York City. Arthur, with his wife and three daughters, 
lives in Little Falls, New York, where he is an engineer in the textile industry. 

It is fitting, indeed, that this great man’s finest tribute should come from the lips of 
his son. 

He was always intensely interested in everything that went on. The most diverse sort of people, 
sailors and priests; artists, doctors, farmers or historians, were always being surprised by unexpected 
knowledge of their special fields. He had strong convictions on what was right and wrong, but to me 
they always seemed extraordinarily just, for they were tempered by a broad historic understanding— 
not to mention his deep insight into human problems that made him so loved by all who knew him. 
He saw the world’s present plight in the setting of its political, economic, technical and moral evolu- 
tion. It is the breadth of his views and the saneness of his‘judgments, coupled with his natural goodness 
in the very best sense of that word, which stand out in my memory. In short, I think he was a pretty 
grand gentleman. 

M. Gorpon GULLEY 


PITTSBURGH, PENNSYLVANIA 
JUNE 19, 1944 
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AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


Ross L. Heaton, of Estes Park, Colorado, is now district geologist for The Texas 
Company at Casper, Wyoming. 

Epwarp J. Fotry has moved from the Imperial Oil Ltd., Canol Project, Edmonton, 
Alberta, to the Cia. Seaboard Dominicana de Petroleo, Apartado 111, Ciudad Trujillo, 
Republica Dominicana. 


A. L. Payne has left the Trinidad Leaseholds Ltd., Forest Reserve, Trinidad. He may 
be addressed in care of the Creole Petroleum Corporation, Estado Falcon, Venezuela. 


WitiraM E. WAttis has been transferred from Havana, Cuba, to Cairo, Egypt. He 
is chief geologist of the Standard Oil Company of Egypt. 

Fe.rx A. Runton has left the services of the Humble Oil and Refining Company to 
become associated with the firm of Boyce and Smiser, evaluation and consulting geologists, 
21st Floor, Commerce Building, Houston, Texas. 

STEVEN N. Daviess has been transferred from the California oil project to the Alaskan 
Branch of the United States Geological Survey, where he is working with L. B. KEttum, 
of the University of Michigan, on the Alaskan Peninsula. 

Hampr Bozsac, recently with the National Geophysical Company, Dallas, Texas, 


writes from the department of geophysics, the Colorado School of Mines, that he is return- 
ing to Turkey, where his address is M.T.A. Enstitiisii, Ankara, Turkey. 


Oscar M. Hupson is no longer connected with the Midstates Oil Corporation. He is 
district geologist for the Phillips Petroleum Company at 814 Hulman Building, Evans- 
ville, Indiana. 

R. G. SoOHLBERG is geologist-geophysicst with the South Mediterranean Oilfields Ltd., 
Cairo, Egypt. 

R. A. J. Dawson has entered the private consulting engineering business and has set 
up an office at 1506 Niels Esperson Building, Houston, Texas. 


EucENE Homan, vice-president and director of the Standard Oil Company (New 
Jersey), has been elected president of his company. 


C. A. WaRNER, a director of the Houston Oil Company, has been elected a vice- 
president of the company. 

The North Texas Geological Society, Wichita Falls, Texas, listened to two speakers on 
June 2: Frep Birrcoop, construction engineer, “The U. S. Army’s Canol Project, North- 
western Canada and Alaska,” and L. A. Puzin, of the Schlumberger Well Surveying Com- 
pany, “Technical Data in the Interpretation of Electrical Logs.” 

James D. AIMer has resigned from the Arkansas Natural Gas Company, Shreveport, 
Louisiana. 


R. L. McLaren, of Shreveport, Louisiana, has resigned his position with the Arkansas 
Natural Gas Company to enter the contracting geological business. 
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1072 AT HOME AND ABROAD 


The Independent Petroleum Association of America plans to hold its 15th anniver- 
sary meeting in Dallas, Texas, October 23-25. GILBERT P. MoorgE, of the Auto Ordnance 
Corporation, is on the general arrangements committee. 


Geological maps of Bolivia and Colombia (in colors), on the scale of 1:2,000,000, by 
Victor OPPENHEIM, can be obtained from the secretary of the Sociedad Geologica del 
Peru, Apartado 2559, Lima, Peru. The price is $2 each. 


Micuet T. HatBouty is Major, chief of the petroleum production section, Planning 
Division, Army-Navy Petroleum Board, Office of U. S. Joint Chiefs of Staff, Washington 
25, C. 


W. REEsE DItxarp resigned his connections with the Norbla Oil Company and the 
Norbla Drilling Company, effective July, to open an office for consulting practice in Tulsa, 
Oklahoma. 


The Shreveport Geological Society topped off a year of professional activity with a 
stag outing, May 6, at Cross Lake, near Shreveport. A chicken barbeque with various 
trimmings and assorted entertainment was enjoyed by 125 members and friends. ROBERT 
W. Beck and Tuomas H. Puirport, of the Carter Oil Company, were chairmen of the 
dinner and entertainment committees. 


At an informal meeting of 25 Shreveport geologists, May 11, H. G. RicHarps, of the 
American Academy of Sciences, Philadelphia, discussed the sedimentary deposits of the 
Atlantic coastal area from New Jersey to Florida. 


New officers of the Shreveport Geological Society for the coming year are: president, 
R. M. Witson, Ohio Oil Company; vice-president, E. P. OcrER, c/o W. C. SPOONER, 
consultant; secretary-treasurer, L. H. MELtzEr, Union Producing Company. Regular 
meetings will be resumed on September 4, in the Criminal Court Room of the Caddo 
Parish Court House. 


HERBERT Hoover, Jr., and ARTHUR A. CuRTICE, president and vice-president of the 
United Engineering Corporation, Caracas, Venezuela, recently petroleum consultants for 
the Venezuelan Government, will advise the Iranian Government about engineering and 
economic matters. 


R. T. Hazzarp and B. W. BLanpiep, of the Gulf Refining Company of Louis.ana, 
Shreveport, presented a paper on “The Woodbine Problem and Correlations in Texas, 
Louisiana and Mississippi,” before the Houston Geological Society, June 13. 


M. G. CHENEY, geoiogist and independent operator of Coleman, Texas, spoke before 
the South Texas Geological Society, San Antonio, June 12, on “Critical Factors to be 
Considered in Well Spacing.” 


The Oklahoma City Geological Society has elected new officers: president, E. G. 
DAHLGREN, Interstate Oil Compact Commission, State Capitol Building; vice-president, 
THEODORE G. Giass, Sinclair Prairie Oil Company, Colcord Building; secretary-treasurer, 
C. E. Hamitton, Consolidated Gas Utilities Corporation, 814 Braniff Building. Meetings 
and luncheons have been postponed for the summer. 


J. E. Eaton has returned to the United States after 18 months foreign duty with the 
Air Corps, including two hospitalizations in the Mediterranean area. On the inactive list 
since June 16, he is now home at 2062 North Sycamore Avenue, Los Angeles, California, 
preparing to resume the practice of geology. 
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G. H. Crow 1, who has been teaching geology at Hamilton College, Clinton, New York, 
has been engaged by the Carter Oil Company for work in Wyoming. 


Joun M. Morean, formerly with the Union Producing Company, Houston, Texas, 
is geologist with the Superior Oil Company at Jackson, Mississippi. 

SAMUEL P. ELLISON, JR., recently assistant professor of geology at the School of Mines 
and Metallurgy, Rolla, Missouri, is geologist with the Stanolind Oil and Gas Company, 
Midland, Texas. 


WILLARD J. CLASSEN is a consulting geologist, Route 1, RFD Box 330-D, Redwood 
City, California. 


ERNEsT R. LILLeEy is with the Great Lakes Carbon Company, New York City. 


CAREY CRONEIS, who has been on the faculty of geology at the University of Chicago 
since 1938, has been appointed president of Beloit College, Beloit, Wisconsin. 


The annual meeting of the American Petroleum Institute is scheduled for November 
13-16, at the Stevens Hotel, Chicago. 


ARTHUR F. TRUEX, superintendent of the land and geologica! department of the Sun 
Oil Company at Tulsa, Oklahoma, has been appointed general manager. 


STEPHEN W. Brock, JR., has resigned from the Pure Oil Company at Midland, to 
join the Cities Service Oil Company as geologist at Odessa, Texas. 


Kart A. MycpaAL, geologist for the Pure Oil Company at Fort Worth for several years, 
has been promoted to district geologist for West Texas, at Midland. 


New officers of the North Texas Geological Society, Wichita Falls, Texas, are: DoNALD 
Ketty, The Texas Company; vice-president, Lioyp HAsELTINE, Magnolia 
Petroleum Company; secretary-treasurer, Davip T. RicHarps, Shell Oil Company, Box 
2010, Wichita Falls. 

W. H. Emmons, who for more than 30 years has been head of the geology department 
at the University of Minnesota, and C. R. STAUFFER, paleontologist, were retired, June 
30. GEORGE A. THIEL has been appointed chairman of the department, and F. F. Grout 
has taken over the directorship of the Minnesota Geological Survey. 


O. F. Sunpt, consulting geologist of Houston, Texas, may be addressed in care of the 
United States Embassy, Lima, Peru. 


FRANK W. REEVEs has been retired from active military status, effective July 16, and 
will resume consulting work in the Mid-Continent area with offices at Fort Worth, Texas. 
Captain Reeves has been in the Intelligence Service since the summer of 1942. 


Tuomas E. Matson, of Tulsa, Oklahoma, is in the employ of the Pure Oil Company. 


W. R. HakEs is teaching chemistry and physics at the Luther Stark High School, Or- 
ange, Texas. 


Major Fay Cort, of Midland, Texas, has been on duty with the staff and faculty of the 
Antiaircraft Artillery School, Camp Davis, North Carolina. 


CHARLES E. DEcKER, of the School of Geology, University of Oklahoma, and W. E. 
Hamy, of the Oklahoma Geological Survey, Norman, have been engaged in detailed map- 
ping in the Arbuckle Mountains this summer. 
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RosBert W. EVERETT, JR., 2d Lieutenant, APO 877, c/o PM, Miami, Florida, is sta- 
tioned on Ascension Island. As a leisure-hour occupation, he collects volcanic specimens. 


O. B. MANEs, formerly with the Stanolind Oil and Gas Company, is in the employ of 
the Shell Oil Company, Inc., Houston, Texas. 


RoBeErt B. Totten, formerly with the Phillips Petroleum Company, is with the Trow- 
bridge Sample Service, Ricou-Brewster Building, Shreveport, Louisiana. 


CLINTON O. Horo is working for the Cities Service Oil Company, at Shawnee, Okla- 
homa. 


Joun F. Barrett, recently with the Barnsdall Oil Company, has gone to Bogota, Co- 
lombia, for the Colombian Gulf Oil Company. 


CHARLES W. CarTER has resigned his position as a member of the Illinois Geological 
Survey to become geologist in the Texas Gulf Coast division of the Union Oil Company of 
California, Houston, Texas. 


Joun A. YouNG, JR., has left the department of geology at Michigan State College, 
East Lansing, Michigan, and is working for the Sun Oil Company at McAllen, Texas. 


Joun O. Gattoway, Calgary, Alberta, is executive vice-president of the California 
Standard Company, a subsidiary of the Standard Oil Company of California. The Cali- 
fornia Standard Company was previously the Dominion Oil Company. 


ARNOLD H. BLEYBERG, recently with the Military Geology Unit of the United States 
Geological Survey, Washington, D. C., is now with The Texas Company, Corpus Christi, 
Texas. 


ALEXANDER Watts McCoy, president of the Association in 1926, vice-president in 
charge of exploration for the Deep Rock Oil Company, died at Tulsa, Oklahoma, June 30, 
from an attack of virus pneumonia, at the age of 55 years. 


SaM GRINSFELDER, manager of operations in the Texas-Gulf division of the Union Oil 
Company of California at Houston, Texas, has been elected vice-president of the company. 


STEVE C. MapPLEs, JRr., who has been with the United States Coast and Geodetic Sur- 
vey in Washington, D. C., is in the employ of the Sohio Petroleum Company at Oklahoma 
City. 


LuTHER C. SNIDER, professor of geology at the University of Texas, and for many 
earlier years connected with the Empire Gas and Fuel Company and H. L. Doherty and 
Company, was under hospital care at Rochester, Minnesota, in June and July. 


The Oklahoma City Geological Society held a picnic at the Ramsey Estate, July 8. 


Harvey M. LytEt, of the Socony-Vacuum Oil Company, 26 Broadway, New York, 
is now with the Socony-Vacuum Oil Company de Colombia, Bogota, Colombia. 


JosEpu E. PocugE, vice-president of the Chase National Bank of the City of New York, 
delivered an address before the Inter-American Institute of the University of North Caro- 
lina, at Chapel Hill, June 22, entitled, ‘Oil and the Americas.” 


EpWaARD J. Boos is with the Sohio Petroleum Company, at Casper, Wyoming. 


S. B. HENRY is with the South Mediterranean Oilfields, Limited, 43 Sharia Kasr el Nil, 
Cairo, Egypt. 
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Wi111AM H. Easton, associate geologist in the stratigraphy and paleontology division 
of the Illinois Geological Survey, has entered the Armed Forces. He may be addressed at 


3400 Newark Street, N.W., Washington, D. C. 


GeorcE E. Dorsey, formerly with Socony-Vacuum Oil Company, is now a geologist 
with the United States Geological Survey assigned to petroleum investigations with the 
Alaskan Branch. His headquarters will be in Washington. 


The Southeastern Geological Society, Tallahassee, Florida, sponsored a two-day field 
trip in southwestern Alabama, June 22 and 23. The trip covered the Cretaceous-Tertiary 
section with special emphasis on the Eocene and Oligocene section as exposed in Little Stave 
Creek in Clarke County. Approximately 80 persons, including many from the Mississippi 
Geological Society, were in attendance. The officers of the Southeastern Geological Society 
are HERMAN GUNTER, president; ROBERT B. CAMPBELL, vice-president; and Epwarp W. 
Scott, secretary, Union Oil Company of California, 622 North Monroe Street, Talla- 
hassee. Scott succeeds R. M. SweEsnik, of the Sun Oil Company, who recently resigned. 


A new printing of Possible Future Oil Provinces of the United States and Canada will be 
ready in a few weeks to meet the continued demand for this useful book. It will be placed 
in paper covers for practical convenience and it sells at $1.00 per copy to members and 
associates, and $1.50 to non-members. Those who own the now out-of-print cloth-bound 
issue, may find it desirable to purchase a paper-covered copy to save their library copy. 


EvAN Just is the new editor of the Engineering and Mining Journal, succeeding H. C. 
Parmalee, retired. Just was formerly with the Carter Oil Company and later secretary of 
the Tri-State Zinc and Lead Ore Producers Association. He has been with the EZ. & M. J. 
for 2 years. 

The annual meeting of the American Association for the Advancement of Science is 
scheduled for September 11-16, at Cleveland, Ohio. 

The Petroleum Division and the Industrial Minerals Division of the American Insti- 
tute of Mining and Metailurgical Engineers will hold a joint meeting at Los Angeles, Oc- 
tober 19-20. 

The Geological Society of America has announced that its annual meeting will be re- 
stricted to necessary business sessions. The date is December 28 and the place the head- 
quarters of the Society in New York City. 

The G. S. A. Council authorized a project grant to FRED M. BuLtarpD, of the Univer- 
sity of Texas, to devote 2} months to study Paricutin, the recently formed volcano in 
Mexico. After his teaching engagement at the National University of Mexico, he and 
EZEQUIEL ORDONEZ, of the Mexican Government, will study the space relations and prod- 
ucts of Paricutin, Jorilla, and Colina. 

ARTHUR BEvAN, State geologist of Virginia, has a project grant from the Geological 
Society of America to make a detailed study of the Pleistocene geology of the Beartooth 
Mountains and surroundings in Montana and Wyoming. 

Cart HunTINGTON BROEDEL, recently with the Continental Oil Company, Wichita 
Falls, Texas, is in the employ of the Union Mines Development Corporation, 404 First 
National Bank Building, Grand Junction, Colorado. 


ALLEN R. OsTRANDER of Columbia, Missouri, has accepted a position as geologist with 
the Missouri Geological Survey, Rolla, Missouri. 
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P. E. FitzGERALD, Dowell Incorporated, Tulsa, Oklahoma, has just returned from a 
visit to various South American oil fields. 


Harry WILLIAMSON has left the Arkansas Fuel Oil Company to accept a position with 
the Sohio Petroleum Company at Yorktown, Texas. 


The annual meeting of the American Association of Oil Well Drilling Contractors is 
scheduled for October 3-4, at Fort Worth, Texas. 


The State of Florida has decreed that the Humble Oil and Refining Company has won 
the bonus of $50,000 for the first commercial oil well in that state, and a free lease on 40,000 
acres of State land. The well is Sunniland No. 1, Collier County. The total depth is 11,626 
feet. 


Joun P. THompson, geologist with the Amerada Petroleum Corporation at Houston, 
Texas, has moved to Jackson, Mississippi, where his company has opened an office. 


The Corpus Christi Geological Society has elected the following officers for the year 
1944-1945: President, Ira H. STErn, Continental Oil Company; vice-president, Henry D. 
McCat.ium, Humble Oil and Refining Company; secretary-treasurer, ELSIE B. CHALUP- 
NIK, Barnsdall Oil Company; and executive committee member, J. B. ScRAFForD, La 
Gloria Corporation. Meetings have been discontinued for the summer months. 


E. G. Orton, of the Ground-Water Division of the United States Geological Survey, 
has been transferred from Raleigh, North Carolina, to Sioux Falls, South Dakota, where 
he is conducting a ground-water investigation. 


ADDITIONAL MEMBERSHIP APPLICATIONS APPROVED 
FOR PUBLICATION 


(Continued from page 1062) 
FOR ACTIVE MEMBERSHIP 


Gordon Currie Beard, Moose Jaw, Sask., Canada 

F. G. Fox, J. C. Sproule, Theodore A. Link 
Harold David Becwar, Corpus Christi, Tex. 

Dale L. Benson, C. C. Miller, A. H. Heaton 
John Nelson Berg, Shreveport, La. 

Lynn K. Lee, A. A. Holston, Tom McGlothlin 
Joseph Michael Gorman, Washington, D. C. 

Parker D. Trask, Hugh D. Miser, M. P. White 
Louise Houssiere Herrington, Houston, Tex. 

John C. Miller, Louis H. Morris, V. E. Monnett 
Chester O. Johnson, Denver, Colo. 
N. W. Bass, John W. Huddle, Carey Croneis 

Leo Hughes Moir, Jr., Fillmore, Calif. 

Wayne M. Smith, Robin Willis, E. W. Galliher 
Francis John Pettijohn, Chicago, IIl. 

Carey Croneis, W. C. Krumbein, A. I. Levorsen 


FOR ASSOCIATE MEMBERSHIP 
B. F. Bryan, Houston, Tex. 
Phil F. Martyn, Howard R. Born, Fred M. Bullard 
Joe Jackson McCullough, Long Beach, Calif. 
A. C. Waters, John E. Sherborne, Louis N. Waterfall 
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CALIFORNIA 


PROFESSIONAL 
DIRECTORY 


Space Is Reserved for Members 
For Rates Apply to A.A.P.G. Headquarters 
Box 979, Tulsa 1, Oklahoma 


CALIFORNIA 


J. L. CHASE 
Geologist 
529 East Roosevelt Road 
LONG BEACH CALIFORNIA 
Specializing in Magnetic Surveys 


Geophysicist 


PAUL P GOUDKOFF 
Geologist 


Geologic Correlation by Foraminifera 
and Mineral Grains 


799 Subway Terminal Building 
LOS ANGELES, CALIFORNIA 


VERNON L. KING 
Petroleum Geologist and Engineer 


707 South Hill Street 
Los ANGELES, CALIFORNIA 
Vandike 7087 


JEROME J. O'BRIEN 
Petroleum Geologist 
Examinations, Reports, Appraisals 


500 Lane Mortgage Bldg. 
208 West Eighth St. 
McCartHy & O'BRIEN Los Angeles, Calif. 


ERNEST K. PARKS 
Consultant in 
Petroleum and Natural Gas Development 
and 
Engineering Management 
614 S. Hope St. 
LOS ANGELES, CALIFORNIA 


HENRY SALVATORI 


Western Geophysical Company 


Edison Building 
501 West Fifth Street 
ANGELES. CALIFORNIA 


RICHARD L. TRIPLETT 
Core Drilling Contractor 


2013 West View St. 


WHisney 9876 Los ANGELES 16, CALIF. 


COLORADO 
C. A. HEILAND 
Geologist 
Herland Research Corporation 
304 Mining Exchange Bldg. 230 Park Ave. 

130 East Fifth Avenue Colorado Springs, Colo. New York, N.Y. 

DENVER, 9, COLORADO Main 7525 Murray Hill 9-3541 
ILLINOIS 
ELMER W. ELLSWORTH 
CLARENCE E. BREHM Consulting Geologist 
Geologist and Geophysicist 201 Grand Theatre Building 
Box 502, Mt. Vernon, Illinois 
725 Magnolia Ave. Phone 1643 Now in military service 
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ILLINOIS 
L. A. MYLIUS 
T. E. WALL 
Geologist Engineer 
Geologist 
New Fowler Bldg., 311 East Broadway 
Box 264, Centralia, Illinois Mt. Vernon Illinois 
INDIANA LOUISIANA 
WILLIAM M. BARRET, INC. 


HARRY H. NOWLAN 
Consulting Geologist and Engineer 
Specializing in Valuations 


Evansville 19, Indiana 
317 Court Bldg. Phone 2-7817 


Consulting Geophysicists 


Specializing in Magnetic Surveys 


Giddens-Lane Building SHREVEPORT, La. 


NEW 


YORK 


BROKAW, DIXON & McKEE 


BASIL B. ZAVOICO 


Geologists Engineers Petroleum Geologist and Engineer 
OIL—NATURAL GAS 
Examinations, Reports, Appraisals 220 East 42nd Street 
Estimates of Reserves NEW YORK 17. NEW YORK 
OHIO OKLAHOMA 
JOHN L. RICH 
Geologist ELFRED BECK 
Geologist 
Specializing in extension of ‘‘shoestring’’ pools 
University of Cincinn 717 McBirney Bldg. Box 55 ; 
TULSA, OKLA. DALLAS, TEX. 
OKLAHOMA 
FRANK BRYAN R. Ww. Laughlio L. D. Simmons 
WELL ELEVATIONS 
Consulting Geologist 
LAUGHLIN-SIMMONS & CO. 
NELSON OKLAHOMA 615 Oklahoma Building 
Tusa OKLAHOMA 
A. I. LEVORSEN 
CLARK MILLISON 
Petroleum Geologist 
221 Woodward Boulevard Philtower Building 
OKLAHOMA 


TULSA $ OKLAHOMA 
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OKLAHOMA 


C. L. WAGNER 
Consulting Geologist 
Petroleum Engineering 
Geophysical Surveys 


2259 South Troost Street 
TULSA OKLAHOMA 


G. H. WESTBY 
Geologist and Geophysicist 
Seismograph Service Corporation 


Kennedy Building Tulsa, Oklahoma 


PEBNNSYLVANIA 


TEXAS 


HUNTLEY & HUNTLEY 


Petroleum Geologists 
and Engineers 


L. G. HUNTLEY 
J. R Jr, 
JaMEs F, SwAIn 
Grant Building. Pittsburgh, Pa. 


JOSEPH L. ADLER 
Geologist and Geophysicist 
Contracting Geophysical Surveys 
in Latin America 


Independent Exploration Company 
Esperson Building Houston, Texas 


TEXAS 


CHESTER F. BARNES 
Geologist and Geophysicist 


Petroleum Bldg. P.O. Box 266, Big Spring, Tex. 


CUMMINS, BERGER & PISHNY 
Consulting Engineers & Geologists 
Specializing in Valuations 
Ralph H. Cummins 


Walter R. Berger 
Chas. H. Pishny 


1603 Commercial 
Standard Bldg. 
Fort Worth 2, Texas 


D’ARCY M. CASHIN 
Geologist Engineer 
Specialist Gulf Coast Salt Domes 
Examinations, Reports, Appraisals 
Estimates of Reserves 


705 Nat'l. Standard Bldg. 
HOUSTON, TEXAS 


J. H. DEMING 
Geophysicist 


KEYSTONE EXPLORATION COMPANY 


2813 Westheimer Road Houston, Texas 


E. DEGOLYER 
Geologist 
Esperson Building 
Houston, Texas 


Continental Building 
Dallas, Texas 


DAVID DONOGHUE 
Consulting Geologist 
Appraisals - Evidence - Statistics 


FORT WORTH, 
TEXAS 


Fort Worth National 
Bank Building 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


1006 Shell Building 
HOUSTON, TEXAS 


J. E. (BRICK) ELLIOTT 


Petroleum Engineer 


108 West 15th Street Austin, Texas 
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TEXAS 
vesident ice-President 
THE FORT WORTH an 
LABORATORIES National Geophysical Company 


Analyses ef Brines, Gas, Minerals, Oil, Ioter- 
pretation of Water Analyses. Field Gas Testing. 


82842 Monroe Street FORT WORTH, TEXAS 
Long Distance 138 


Tower Petroleum Building 
Dallas, Texas 


W. G. Savittg J. P. SchumACHER A. C. PAGAN 


GRAVITY METER EXPLORATION CO. 
TORSION a EXPLORATION 


Gravity Surveys 
Domestic and Foreign 
1347-48 ESPERSON BLDG. HOUSTON. TEX. 


CECIL HAGEN 
Geologist 


Gulf Bldg HOUSTON CFXA> 


L. B. HERRING JOHN M. HILLS 
Geologist Consulting Geologist 
Natural Gas Petroleum Midland, Texas 
Drisco.t Biba. CORPUS CHRISTI. TEXAS Box 418 Phone 1015 
J. S. HuDNALL Pre. 


PALEONTOLOGICAL LABORATORY 
R. V. HOLLINGSWORTH 


Geologist 
Box 51 Phone 2359 


MIDLAND, TEXAS 


HUDNALL & PIRTLE 
Petroleum Geologssts 
Appraisals Reports 
Peoples Nat'l. Bank Bldg. TYLER, TEXAS 


JOHN S. IVY 
Geologist 


1124 Niels Esperson Bldg., HOUSTON. TEXAS 


W. P. JENNY 
Consulting Geologist and Geophysicist 


Specializing in MICROMAGNETIC SURVEYS, 
GEOLOGICAL INTERPRETATIONS and COR- 
RELATIONS of seismic, gravimetric, electric and 
magnetic surveys. 


1404 Esperson Bldg. HOUSTON, TEXAS 


MID-CONTINENT TORSION BALANCE SURVEYS 
SEISMIC AND GRAVITY INTERPRETATIONS 
KLAUS EXPLORATION COMPANY 
H. KLAUS 
Geologist and Geophysicist 


115 South Jackson 2223 15th Street 
Enid, Oklahoma Lubbock, Texas 


JOHN D. MARR 
Geologist and Geophysicist 
SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


4 
4 
4 
| 
_ 
f 
|__| 


Bulletin of The American Association of Petroleum Geologists, July, 1944 
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TEXAS 


HAYDON W. McDONNOLD 
Geologist and Geophysicist 


KEYSTONE EXPLORATION COMPANY 


2813 Westheimer Road Houston, Texas 


DABNEY E. PETTY 
10 Tenth Street 
SAN ANTONIO, TEXAS 
No Commercial Work Undertaken 


J. C. POLLARD 
Robert H. Ray, Inc. 
Rogers-Ray, Inc. 
Geophysical Engineering 


Gulf Building Houston, Texas 


ROBERT H. RAY 
ROBERT H. RAY, INC. 
Geophysical Engineering 

Gravity Surveys and Interpretations 


Gulf Bldg. Houston, Texas 


F. F. REYNOLDS 
Geophysicist 
SEISMIC EXPLORATIONS, INC. 
Gulf Building Houston, Texas 


E. E. ROSAIRE 
SUBTERREX 
BY 
Geophysics and Geochemistry 


Esperson Building Houston, Texas 


WM. H. SPICE, JR. 
Consulting Geologist 
2101-02 Alamo National Building 
SAN ANTONIO, TEXAS 


HARRY C. SPOOR, JR. 
Consulting Geologist 
Petroleum ... ... Natural Gas 


Commerce Building Houston, Texas 


CHARLES C. ZIMMERMAN 


Geologist and Geophysicist 
KEYSTONE EXPLORATION COMPANY 


2813 Westheimer Roal Houston, Texas 


WEST VIRGINIA 


WYOMING 


DAVID B. REGER 
Consulting Geologist 
217 High Street 
MORGANTOWN WEST VIRGINIA 


E. W. KRAMPERT 
Geologist 
P.O. Box 1106 
CASPER, WYOMING 
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GEOLOGICAL AND GEOPHYSICAL SOCIETIES 


COLORADO ILLINOIS 
ROCKY MOUNTAIN 
ASSOCIATION OF PETROLEUM ILLINOIS 


GEOLOGISTS 
DENVER, COLORADO 
President - - Ben H. Parker 
Colorado School of Mines, “and Frontier 
Refining Company 
1st Vice- Dart Wantland 
Colorado School of ‘Mines 
2nd . B. Kramer 
Ss. Geological 
Secretary Treasurer Zorichak 
roleum Administration ‘for ar 
First National Bank 
Luncheons every Friday noon, Cosmopolitan ae. 
Evening dinner (6:15) and program (7:30 
Monday each month or by announcement, ae 
politan Hotel. 


GEOLOGICAL SOCIETY 
President - - + + + + + + Fred H. Moore 
Magnolia Petroleum Co., Box 535, Mt. Vernon 


Vice-President - - - - - - + Lee C. Lamar 
Carter Oil Company, Box 568, Mattoon 


Secretary-Treasurer - - - + Everett F. Stratton 
Schlumberger Well Surveying Corporation, 
Box 491, Mattoon 


Meetings will be announced. 


INDIANA-KENTUCKY KANSAS 
KANSAS 
INDIANA-KENTUCKY SOCIETY 
EVANSVILLE, INDIAN. President - - LeoR. Fortier 


President « + George R. Wesley 
Skelly Oif Co. 


Vice-President - + + + + «+ Robert F. Eberle 
The Superior Oil Company 


Secretary-Treasurer - - + + Hillard W. Bodkin 
The Superior Oil Company 


Meetings will be announced. 


Alpine Oil “and Royalty Co. 
Vice-President - Virgil B. Cole 
Gulf Oil, Corporation 
Secretary-Treasurer - Delbert J. Costa 
Sapettes Oil Co. of California 
417 First Natl. Bank Bldg. 

Manager of Well Log Bureau - Harvel E. White 
Regular Meetings: 7:30 P.M., Geological Room, 
University of Wichita, first Tuesday of each month, 

Visitors cordially welcomed. 


The Society sponsors the Kansas Well Log Bureau 
which is leceted at 412 Union National Bank Bldg. 


LOUISIANA 


LOUISIANA 


NEW ORLEANS 
GEOLOGICAL SOCIETY 
NEW ORLEANS, a 


President - - H. Petersen 
Freeport Sulphur a. American Bask Bldg. 
Vice-President and Program Chm, - 


Dean F, “Metts 

” Humble Oil, and Refining Company 

5 Canal 

Secretar Treasure - B. E. Bremer 

Texas Company, P.O. Box 252 
Meets reed first er of every month, October- 
May inclusive, 7:30 P.M., St. Charles Hotel. 
Special meetings by announcement. Visiting geol- 

ogists cordially invited. 


THE SHREVEPORT 


GEOLOGICAL SOCIETY 
SHREVEPORT, 
President . Wilson 
Ohio Oil Company, ‘Drawer ns, M 
- - E. P, Ogier 
c/o Ww. C. Spooner, Box 
- Meltzer 
Union Producing Co. Box 1407. N 
og the first Monday of every month, September 
- May, inclusive, 7:30 P.M., Criminal Court 
‘oom, Caddo Parish Court House. Special meetings 
meetings by announcement. 


LOUISIANA 


MICHIGAN 


SOUTH LOUISIANA GEOLOGICAL 
SOCIETY 


LAKE CHARLES, LOUISIANA 


President - C. B. Roach 
Shell Oil Company, Inc., Bor or 
Atlantic Refining 
Secretary - + Ben F. Morgan 
Stanolind Oil and Gas Company 
Treasurer - + Robert N. Watson 
Atlantic Refining Company, Box 895 


Meetings: Dinner and business meetings third 
Tuesday of each month at 7:00 P.M. at the Majestic 
Hotel. Special meetings by announcement. Visiting 
geologists are welcome. 


MICHIGAN 
GEOLOGICAL SOCIETY 


President - - - + Edward J. Baltrusaitis 
Gulf Refining Company, “ 811, Saginaw 
Vice-President - - - Raymond S. Hunt 
Consulting, 405 s. Main, Pleasant 
Secretary-Treasurer - Thomas S. Knapp 
The Chartiers Oil Co., Box 227, Mt. Pleasant 
Business Manager -_- - + Lee S. Miller 
Michigan Geological Survey 
Capitol Savings and Loan Bldg., Lansing 


Meetings: Bi-monthly from November to April at 
Lansing. Afternoon session at 3:00, informal din- 
ner at 6:30 followed by discussions. ‘(Dual meetings 
for the duration.) Visiting geologists are welcome. 
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MISSISSIPPI 


OKLAHOMA 


MISSISSIPPI 
GEOLOGICAL SOCIETY 
JACKSON, MISSISSIPPI 


President K. K. § ~~ 
The Atlantic Refining Box 2 
ure Oil ‘Company, Pn 1141 


Consulting, Edwards Hotel 


ARDMORE 


GEOLOGICAL SOCIETY 
ARDMORE, OKLAHOMA 


Marshall 


President - - 
The Texas ‘Company, Box 539 
Vice-President - - Frank Neighbor 


Sinclair Prairie Oil Company 
- §. L. Rose 
618 Simpson ‘Building 
Dinner meetings will be held at 7:00 p.m. on —~ 

Octobe: 


first Wednesday of every month from rd 
May, at the Ardmore Hotel. 


OKLAHOMA 


| | 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 
President - - - - + E. G. Dahlgren 
Interstate Oil Compa: ct Commission 

State Capitol 
Vice-President + - - - - Theodore G. Glass 
Sinclair Prairie Oil Company 

703 Colcord Building 

Secretary-Treasurer - - = - _C. E. Hamilton 
Consolidated Gas Utilities Corporation 

814 Braniff Building 
Meetin ns: Technical program each month, subject 
to call by Program Committee, Oklahoma City 
24th Street and Blackwelder. 
eons: Every Thursday, at 12:00 noon. Y.W.C.A 
Cafeteria. 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 


President - McAninch 
Stanolind Oil “and Gas. 1099 


Vice-President Owen 


E. 
Phillips Petroleum Company, Box tye 


Secretary-Treasurer - + + Marcelle Mousley 
Atlantic Refining Company, Box 169 


Meets the fourth Thursday of each month at 8:00 
P.M., at the Aldridge Hotel. Visiting geologists 


welcome. 


TULSA GEOLOGICAL SOCIETY 
TULSA, OKLAHOMA 
President - « « Jj. V. Howell 
912 Philtower 
1st Vice-President - - . - W. H. Butt 
Atlantic Refining Company 
2nd Vice-President - - - - W. Reese Dillard 
Consulting 
Secretary-Treasurer - C. Case 
Gulf Oil Corporation, Box "661" 
Editor - - Roy L. Ginter 
cx Geological Survey 


Meetings tial and third Mondays, each month, 
from tober to May, inclusive, at 8:00 P.M., 
University of Kendall Hall 
Luncheons: Every Tuesday (October-May), Brad- 
ford Hotel. 


TEXAS 


CORPUS CHRISTI GEOLOGICAL 
SOCIETY 
CORPUS CHRISTI, TEXAS 
President - - Ira Stein 
Continental Oil Company, Driscoll 


Vice-President - - Henry D. McCallum 
Humble Oil and Refining Company 


Secretary-Treasurer - - + - Elsie B, Chalupnik 
Barnsdall Oil Company, 904 Driscoll Building 


luncheons, every Wednesday, Petroleum 
Plaza Hotel, 12:05 p.a. Specia * night meet- 
4° announcement. 


DALLAS 
PETROLEUM GEOLOGISTS 
DALLAS, TEXAS 
h M. Wil 
Continental Building 
-_ Henry C. Cortes 
gnolia Petroleum Company 
- H. C. Vand 
Executive Committee - - - Cecil H. Green 
Geophysical Service, Inc. 


luncheons, first Monday of each 
month, 12:00 noon, Petroleum Club, Adolphus 
Hotel. Special night meetings by announcement. 


President - 


xv ‘ 

4 Meetings: First and third Wednesdays of each 
4 month ,from October to May, inclusive, at 7:30 é 
4 P.M., Edwards Hotel, Jackson, ‘Mississippi. Visiting ‘ 
: geologists welcome to all meetings. = 
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TEXAS 


FORT WORTH 
TYLER, TEXAS FORT WORTH, TEXAS 
President - G. J. Loetterle - + Joseph H. Jr. 
Shell Oil ‘Company, Inc., Box 2037 he Texas Company, Box 1 
Vice-President B. W. Allen Vice- Ac - James L. Morris 


Gulf Oil Corporation 
Secretary-Treasurer - Harden 
Sinclair Prairie Oil ‘Company, 


Executive Committee - - + + J. H. McGuirt 


7 


Meetings: sashie and by call. 
Luncheons: Every Monday at 12:00 noon, Black- 
stone Hotel 


The Pure Oil Company, Box ~ 


eS - + = Spencer R. Normand 
Independent Raptoreticn 
2210 Ft. Worth Natl. Bank Bldg. 


Meetings: Luncheon at noon, Hotel Texas, first 

and third Mondays of each month, Visiting geol- 

ogists and friends are invited and welcome at 
all meetings. 


HOUSTON 
GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 


President - Leslie Bowling 
Union Oil Company of California 


Vice-President - - W. B. Milton, Jr. 
Gulf Oil Corporation 


Secretary W. B. Moore 
Atlantic Refining Company, Box 1346 


Treasurer - - - - G. J. Smith 
Pan American Producing Company 


Regular meeting held the first and third Thursdays 
at noon (12 o'clock), Mezzanine floor, Texas State 
Hotel. For any particulars pertaining to the meetings 
write or call the secretary. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 
WICHITA FALLS, TEXAS 


President - - - - - - - + Donald Kelly 
The Texas Company 


Vice-President - - - William Lloyd 
Magnolia Petroleum Co., Box 2 


Secretary- - vid Richards 
1 Oil Co., “Ine. 


Luncheons and evening programs will be an- 


nounced. 


SOUTH TEXAS GEOLOGICAL 
SOCIETY 
SAN ANTONIO, TEXAS 
President Kolm 


Robert 
Atlantic Refining Ge, 1742 Mis Building 


Vice-President - onald O, Chapell 
Transwestern Oil Co., 1600 wae Building 


Secretary-Treasurer Robert D. Mebane 
Saltmount Oil Co., 916 Milam Building 
Meetings: One regular meeting each month in San 


Antonio. Luncheon every Monday noon at Milam 
Cafeteria, San Antonio. 


WEST TEXAS GEOLOGICAL 
SOCIETY 


MIDLAND, TEXAS 


President - - + Robert I. Dickey 
Forest Development Corporation 


Vice-President - George R. Gibson 
"Richfield Oil “Corporation 


Secretary-Treasurer - - - Jane Ferrell 
Bcgnolia Petroleum Company, Box 633 


Meetings will be announced 


WEST VIRGINIA 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 


P. O. Box 2385 


President - - - Douglas Rogers, Jr. 
South Penn Natural ‘Gas Company, Parkersburg 
Vice-President - - - Veleair C. Smith 
Kanawha Valley Bank Building 
Secretary-Treasurer = « - Charles E. Stout 
United Fuel Gas Company Box 127 
Editor - - J. Simmons, Jr. 
Godfrey Cabot, Box 147 73 
Meetin, Second Monday, each month, ex . 
mel Taiy, and August, at 6:30 P.M., Kanaw 


THE SOCIETY OF 
EXPLORATION GEOPHYSICISTS 
President - - William M. Rust, Jr. 
Humble Oil & ‘Refining “Company, EG Texas 


Vice-President - ry C. Cortes 
Petroleum “Company, Texas 


Edito Joseph A. Sharpe 
Stanolind Oil and Gas Company, Oklahoma 
- - - - W. Harlan Taylor 


tty Geophysical Engineering Company 
a Esperson Bldg., Houston, Texas 
Past-President - - - - R. D. Wyckoff 
Gulf Research and Development Company 
Pittsburgh, Pennsylvania 
Business Manager J. F. Gallie 
.O. Box 410, El Dorado, Arkansas 
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Set Thru 


To CONTROL 
GAS/OIL 
RATIOS 


S-: the casing thru the 
oil and gas zones and cement the string 
solid. Then gun perforate the oil and gas 
zones, adjusting the number of holes 
placed opposite the gas zone to control 
the amount of gas admitted. The solid 
cement sheath also protects and supports 
the casing and eliminates water entry. 


For Satisfactory Results, and Prompt 
EXPERIENCED SERVICE, use a 


SPACIWE 


GUN PERFORATOR 


LOCATIONS 


_ McCULLOUGH TOOL COMPANY .. . $820 South Alameda Street, Los Angeles 11, California 
HOUSTON, TEXAS TYLER, TEXAS SHREVEPORT, LA. CASPER, WYO. 
WICHITA FALLS, TEXAS | McALLEN, TEXAS HOUMA, LA : LOS ANGELES, CALIF. 
VICTORIA, TEXAS ALICE, TEXAS LAKE CHARLES, VENTURA, CALIF. 


CORPUS CHRISTI, TEX. MAGNOLIA, ARK OKLA. CITY, OKL BAKERSFIELD, CALIF 
GEO. WEST, TEXAS NEW IBERIA, LA. SEMINOLE, OKL CALIF 


ODESSA, TEXAS MENTO 
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FIRST IN OIL FINANCING 


1895—1944 
The FIRST NATIONAL BANK 


and Trust Company of Tulsa 


MEMBER FEDERAL DEPOSIT INSURANCE CORPORATION 


THE GEOTECHNICAL CORPORATION 


Roland F. Beers 
President 


1702 Tower Petroleum Building 
Telephone L D 101 Dallas, Texas 


An A.A.P.G. Research Committee Subject 


PETROLEUM DISCOVERY METHODS 


A Symposium of Expert Opinion 
Edited by A. I. Levorsen 
1942 


164 PP. LITHOPRINTED. 8.5 x 11 INCHES. PAPER COVER 


PRICE, $1.00, POSTPAID 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 
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PRACTICAL PETROLEUM 
ENGINEERS’ HANDBOOK 


SECOND EDITION 
Revised and Enlarged 


By JOSEPH ZABA 
and 
W. T. DOHERTY 


This book was written by practical oil men. The tables were compiled so that they can be used 
by anyone to meet practical field situations without further calculations, and will fit 99% of the 
conditions under which the average operator is working in the field. 


The second edition of the PRACTICAL PETROLEUM ENGINEERS' HANDBOOK has been com- 
pletely revised and enlarged. Many changes which have been made in the Standard Specifications 
of the American Petroleum Institute, particularly in pipe specifications, are incorporated in this 
second edition. Several tables are rearranged and charts enlarged to facilitate their use. Table 
of Contents and Index are more complete. Also about 90 pages of new formulae, tables, charts 
and useful information have been added. 


This handbook was compiled and published for the purpose of saving the time of operators, 
engineers, superintendents, foremen and others. 


TABLE OF CONTENTS 
Chapter | —General Engineering Data 
Chapter 11 —Steam 
Chapter I11 —Power Transmission 
Chapter IV —Tubular Goods 
Chapter V —Drilling 
Chapter —Production 
Chapter VII —Transportation 


Semi-Flexible Fabrikoid Binding, size 6 x 9, 492 Pages. Price: $5.00 Postpaid 


Send Checks to the 


GULF PUBLISHING COMPANY 
P. O. BOX 2608, HOUSTON, TEXAS 
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SINCE 1936 when the average petroleum reserve per new field discovered 
was approximately 15 million barrels, the size of new discoveries has de- 
creased steadily. In 1943 the average was slightly more than | million barrels, 
or about 1/15th the size of the 1936 discovery. But the number of new dis- 
coveries since 1936 has sharply increased ... 162 in 1936, 254 in 1939, 348 
in 1943. The target now presented for reflection seismograph mapping is 15 
times smaller but we're hitting it more than twice as often. 

Constant improvement in reflection seismograph equipment and refine- 
ments in technique keep new discoveries on the upward trend and will map 


tomorrow's more obscure structures. 


GEOPHYSICAL COMPANY HOUSTON 
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Tue Geotocist’s Best Frienp 


TRUE SAMPLES OF FOOT BY FOOT CUTTINGS 
PROVIDED BY THOMPSON MACHINE 


As simple as reading a log— 
that's what geologists and drill- 
ing operators say about foot by 
foot cuttings obtained from the 
THOMPSON SAMPLE MACHINE, 
which is standard equipment on all 
Thompson Shale Separators. Sam- 
ples easily obtained and ready to 
analyze. Sample machine alone is 
worth the full cost of the Thompson 
Separator. 


Manufactured by | 


THOMPSON TOOL CO., INC. 


ly Stores Everywhere 


Iowa Park, Texas OF 
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TRIANGLE BLUE PRINT & SUPPLY COMPANY 
Representing Complete Reproduction Plant 
W. & L. E. Gurley Instruments Repaired 
Spencer Lens American Paulin 


12 West Fourth Street, Tulsa, Oklahoma 


TECTONIC MAP OF SOUTHERN CALIFORNIA 


By R. D. Reep anp J. S. Hottister 


In 10 colors. From ‘Structural Evolution of Southern California,” BULL. A.A.P.G. (Dec., 1936). 
Scale, % inch = 1 mile, Map and 4 structure sections on strong ledger paper, 27 x 31 inches, rolled in 
tube, postpaid, $0.50. j 


The American Association of Petroleum Geologists, Box 979, Tulsa 1, Oklahoma 


THE 
JOU R N A L O F The Annotated 


Bibliography of Economic Geology 


GEOLOGY XV 


a semi-quarterly Orders are now being taken for the 

Edited by entire volume at $5.00 or for individual 
members at $3.00 each. Volumes I-XIV 
can still be obtained at $5.00 each. 


ROLLIN T. CHAMBERLIN 


Since 1893 a constant record of The number of entries in Vol. XV, No. 
the advance of geological science. 1, is 1,079. No. 2 is being printed. 
Articles deal with roblems of Of these, 266 refer to petroleum, gas, 
systematic, theoretic , and funda- etc., and geophysics. They cover the 
mental geology. Each article is re- world, so far as information is available 
plete with diagrams, figures, and in war time. 


other illustrations necessary to a 


full scientific understanding. If you wish future numbers sent you 


promptly, kindly give us a continuing 


$6.00 a year order. | 

$1.00 a single copy An Index of the 10 volumes was issued in | 

Canadian postage, 25 cents May, 1939. Price: $5.00 | 
Foreign postage, 65 cents Economic Geology Publishing Co. 


Urbana, Illinois, U.S.A. 
THE UNIVERSITY OF CHICAGO PRESS 


AERIAL PHOTOGRAPHY 
RECONNAISSANCE MOSAICS 
PRECISE AERIAL MOSAICS 
TOPOGRAPHIC SURVEYS 


For information write Department H ” 


AERO SERVICE CORPORATION 
Since 1919 

PHOTOGRAMMETRIC ENGINEERS 

236 E. Courtland Street, Philadelphia 20, Penna. 
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LOS ANGELES * HOUSTON + OKLAHOMA CITY 
Factory, General and Export Offices: 5610 South Soto St., Los Angeles 


24-HOUR SERVICE - 30 BRANCHES 


| SER PRACT 

THES NE 
C0 TOR 
ERA 
| L 7, 
pec the yalu onsibill Me; | 
now d yesP l “Obey | 
P ERFORgr by | 
ary Pro 4 
20nes for aq "Cing 
{ Wey, buity, 
; 


Fedralite 


Cuts weight and work— 
Cuts cost per hole! 


Fedralite plastic shot hole casing is light, strong, SS 
practical. With it work is easier and quicker. There’s 
less danger of strained backs, lost-time injuries. 
Fedralite .is new, clean, smooth, has no burrs or > 
sharp edges to injure hands. A whole day’s supply of 
casing is carried in the skiff shown in the picture 

Attaching another length of Fedralite during jetting. Water at left below. 

for jetting is pumped through hose at right. ‘es 
Cost is relatively low. Recovery is excellent, giving eas 
low cost per foot of holes shot. Couplings, jetting “22 
bit, adapter, and other tools and accessories are de- a 
signed for best results. te. 


Fedralite has been fully proved, and is in regular 
use by more than 75 geophysical and oil company 
crews in various types of territory. If you are not 
2 now using Fedralite, order a supply from stock at 
the nearest office shown below. f 


ORDER FROM STOCK AT 


HOUSTON DALLAS NEW ORLEANS — 
700 Waugh Dr. 1902 Field St. 730 St. Charles St. 


Threading Fedralite on the job. Man at left is cutting Jetting bit is screwed onto bot- 


threads with the combination threader and trimmer. Man tom of first length of casing, eae 
at right is screwing on couplings, like those shown on ends while man at right holds casing , 
of casing in skiff. with the flat-surface wrench. 
ll 
PLASTICS DIVISION y 


> 
¥) FEDERAL ELECTRIC COMPANY, INC. 


8700 SOUTH STATE STREET, CHICAGO 19, ILLINOIS 


4 
| | 
| ING | 
FEDRALITE SHOT HOLE CASING MADE FOR THE JOB 
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Latest design Instruments 
Appropriate Techniques 
Versatile Equipment 
Experienced Personnel 
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1931 


1935 


1936 


1936 


1936 


1938 


1941 


1942 


1942 


1942 


1944 


AVAILABLE PUBLICATIONS OF 


The American Association 
of Petroleum Geologists 
Box 979, Tulsa 1, Oklahoma 


Geologic Map of Cuba. Compiled by J. Whitney Lewis. Folded paper sheet, 
24 x 10 inches. Scale, 3/16 inch = 10 miles. Geologic column on same sheet. 
From Lewis’ “Geology of Cuba” (out of print), in June, 1932, Bulletin. 
Geology of Natural Gas. Symposium on occurrence and geology of 
natural gas in North America. By many authors. 1,227 pp., 250 illus. 
6 x 9 inches. Cloth. To members and associates, $4.50 ..................-. 
Geology of the Tampico Region, Mexico. By John M. Muir. 280 pp., 15 
half-tone plates, 41 line drawings, 9 tables. 6 x 9 inches. Cloth. To mem- 
Gulf Coast Oil Fields. Symposium on Gulf Coast Cenozoic. By 52 authors. 
Chiefly papers reprinted from the Association Bulletin of 1933-1936 
gathered into one book. xxii and 1,070 pp., 292 figs., 19 half-tone pls. 
6 x 9 inches. Cloth. To members and associates, $3.00 ................... 
Areal and Tectonic Map of Southern California. By R. D. Reed and J. S. 
Hollister. In 10 colors. From “Structural Evolution of Southern Cali- 
fornia,” December, 1936, Bulletin. Scale, % inch = 1 mile. Map and 4 
structure sections on strong ledger paper, 27 x 31 inches, rolled in mail- 
Miocene Stratigraphy of California. By Robert M. Kleinpell. 450 pp.; 14 
line drawings, including a large correlation chart; 22 full-tone plates of 
foraminifera; 18 tables (check lists and a range chart of 15 pages). 6 x 9 
inches. Cloth. To members and associates, $4.50 .................00-000: 
Stratigraphic Type Oil Fields. Symposium of 37 papers by 52 authors. 
902 pp., 300 illus., 227 references in annotated bibliography. 6 x 9 inches. 
Source Beds of Petroleum. By Parker D. Trask and H. Whitman Pat- 
node. Report of investigation supported jointly by the American Pe- 
troleum Institute and the Geological Survey of the United States Depart- 
ment of the Interior from 1931 to 1941. 566 pp., 72 figs., 151 tables. 6 x 9 
inches. Cloth. To members and associates, $3.50 .................-00000: 
Petroleum Discovery Methods. Report of a symposium conducted by the 
research committee, April, 1942. 164 pp. 8% x 11 inches. Paper ............ 
Map of West Texas and Southeastern New Mexico, showing areal geology, 
structure, and oil and gas fields. Compiled by Philip B. King. 3 colors. 29 x 26 
inches. Scale, 54 inch = 10 miles. Correlation Chart of Permian System and 
Related Strata in West Texas Region. By Philip B. King. 22 x 14 inches. 
From King’s “Permian of West Texas and Southeastern New Mexico,” in 
April, 1942, Bulletin. Folded paper sheets. Each, $0.25 ; both map and chart .. 
Possible Future Oil Provinces of the United States and Canada. Symposium 
conducted by Association research committee. Reprinted and repaged from 
August, 1941, Bulletin. 154 pp., 83 figs. 6 x 9 inches. Paper. To members and 


Bulletin of The American Association of Petroleum Geologists. Official monthly 


publication. Each number, approximately 150 pages of articles, maps, 
discussions, reviews. Annual subscription, $15.00 (outside United States, 
$15.40). Descriptive price list of back numbers on request. 


(Prices, postpaid. Write for discount to colleges and public libraries.) 


6.00 


4.50 


4.00 


50 


5.00 


50 


1.50 


XXX 

$ .25 

| 

|__| 

5.50 

4.50 

1.00 

|| 

| 
| | 

| 


etr logi: ly, 1944 XXXi 
: i iati eologists, Ju 
Bulletin of The American Association of Petroleum Geologists, July, 
A 


XXXxii Bulletin of The American Association of Petroleum Geologists, July, 1944 


Fic. 20.—Cerro Bernal, volcanic plug. (Reproduction of sketch by 
Captain G. F. Lyon, 1828; redrawn by F. S. Howell.) 


GEOLOGY OF THE TAMPICO REGION 
MEXICO 


By JOHN M. MUIR 
1936 


“This book deals primarily with the geology of the Tampico embayment, but the author has 
viewed his objective with a broad perspective and presents the oil fields of that area against 
a background of the geologic history of Mexico. . . . (It) is an authoritative work by an 
expert on an area which has been one of the most important oil-producing regions of the 
world. The-excellent areal geologic map of the Tampico embayment and the structure maps of 
the oil fields are significant contributions to Mexican geology. The extensive faunal lists from 
definite localities in each formation will be welcomed by students of earth history who seek 
to correlate the events in Mexico with the panorama of geologic development throughout the 
world.””—Lewis B. Kellum, of the University of Michigan, in Bull. Amer. Assoc. Petrol. Geol. 


280 pp., including appendix, bibliography, gazetteer, index, 15 half-tones, 41 line drawings, 
including 5 maps in pocket, 212 references in bibliography 
Bound in blue cloth; gold stamped; paper jacket. 6 x 9 inches. 


PRICE, $4.50, POSTPAID ($3.50 TO MEMBERS AND ASSOCIATES) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 
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The Height of the Crown or the Width of the Brim? 
(Answer at bottom of page] 

It is likewise difficult to guess at formations being 
penetrated—and totally unnecessary when you can use a 
BAKER CABLE TOOL CORE BARREL to take cores which can 
be studied, measured and analyzed to secure the information 
you need for positive determination of all required facts. 

Details covering the efficient Baker Cable Tool Core 

Barrel will be found on Pages 370-374 of the 1944 


Composite Catalog. .or ask any Baker Representative 
for complete data. 


BAKER OI/L TOOLS,INC. 


Houston — LOS ANGELES — New York 


Optical Illusion—as will be found by measuring, the height of the crown and the 
width of the brim are the same. This illusion is due principally to the fact that it 
requires more effort to lift the eyes upward than to move them from side to side. 
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1 
The Microscope that Changed the Course of Science 
lies Here you see one of the earliest | Bausch & Lomb makes the most complete line 
= Bausch & Lomb microscopes. of optical instruments built by anybody any- : 
This was the first microscope __ where, setting the pace in pioneering optical | 
produced by quantity produc- research, development and manufacture. 
tion methods .. . the first precision compound This is the experience that can be applied q 
microscope to be made at a price which the to the solution of your optical problems i 
average research worker, educator or medical whether through a standard Bausch & Lomb 4 


man could afford. These microscopes made 
research and study possible in America on an 
unprecedented scale. 

Prior to this development of the mass pro- 
duction of precision optical instruments by 
Edward Bausch in 1876, the use of the micro- 
scope was restricted by high cost. Today the 
microscope is a familiar laboratory instrument 
in every field of endeavor. 

With this rich background of experience, 


instrument for research or control, or a com- 
pletely new optical development for your 
specific needs. 


BAUSCH & LOMB 


OPTICAL CO., ROCHESTER, N. Y. 


MAKERS OF OPTICAL GLASS AND A COMPLETE LINE OF OPTICAL INSTRUMENTS FOR MILITARY 
USE, EDUCATION, RESEARCH, INDUSTRY AND EYESIGHT CORRECTION AND CONSERVATION 


| 
Divs: 


The Value of the Results of 


GEOPHYSICAL SURVEYS 


depends on 


Abundant Experience 


Scientific Personnel 


Proper Equipment 


N Independent’s record of many years service 


‘to the world’s leading oil producers in North 
and South America merits your consideration 


EXPLORATION COMPANY 


HOUSTON, TEXAS 
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REED ‘BR’ | ¢ | 
Wire Line 


SUB-SURFACE DATA in your 
WILDCATTING OPERATIONS 


. .. With either the REED “BR” Wire Line Drilling- 
Coring outfit or with the REED ‘‘Kor-King’’ Con- 
ventional type Core Drill. 


For further information on these CoreDrills 4 
SEND FOR BULLETINS C-415 AND K-1141 


REED ROLLER BIT COMPANY 


P. O. BOX 2119 HOUSTON, TEXAS 
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Whatever your exploration problems may be, the 
world-wide experience of G.S.I. is available to help 


you solve them. We invite you to consult us on 


your present and post-war programs, Call in G.S.L. 


YSICAL SERVICE IN 


BRANCH OFFICE: HOUSTON. TEXAS 


DALLAS. TEXAS 
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Hughes Oil Tool Production 
is Geared to Demands of War 


To supply the constantly increasing quantities 
of oil needed by a nation at war, the oil in- 
dustry must have all-out cooperation. By 
mass-production of Rock Bits, Core Bits, 
Tool Joints and other specialized oil tools, 
Hughes is meeting the needs of the essential 
Oil Well Drilling Industry. 


Hughes Tool Company 
Houston Texas 
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